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Seattle, Washington 98101 

ATIENTION: Mr. Tim Brincefield 

.Gold~ 
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Our ref: 913-1101.608 

RE: PHASE II REMEDIAL INVESTIGATION MEMORANDUM ON FATE AND 
TRANSPORT MODELING, MONSANTO ELEMENTAL PHOSPHOROUS PLANT, 
SODA SPRINGS, IDAHO 

Dear Tim: 

On behalf of Monsanto, please find the enclosed memorandum concerning the referenced 
project. A diskette included with the document contains data files and results for modeling. 
The solute transport computer model also is included on the diskette. If you have any 
questions concerning this information please contact Bob Geddes or one of the undersigned. 

Sincerely, 

GOLDER ASSOCIATES INC. 

~4'£/~ 
Mark Cunnane, P.E. 
Senior Environmental Engineer 

--· 
Voavid Banton 

Associate 

MC\DB\ln 

Enclosure (w/out diskette) 

cc: R. Geddes, Monsanto 
D. Wilson, Monsanto 
J. Eldridge, SAIC 
M. Thomas, IDHW 
G. Brown, IDHW 
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1. INTRODUCTION 

This memorandum addresses one component of an ongoing remedial investigation (RI) 
and feasibility study (FS) related to the Monsanto Company elemental phosphorous plant 
in Soda Springs, Idaho (Figure 1-1). Information presented in this memorandum will be 
integrated into the Phase II RI report and presented to the United States Environmental 
Protection Agency (EPA) at a later date. The memorandum has been prepared for 
interim review with the intentions of facilitating characterization of the site conditions as 
part of the Phase II RI. 

Documentation of earlier investigations for the elemental phosphorous plant exists in 
several reports. The Preliminary Site Characterization Summary Report (PSCSR), 
consisting of a summary of Phase I RI activities, was submitted to EPA for review in 
April, 1992 (Golder, 1992a). The Remedial Alternatives Development and Preliminary 
Screening of Candidate Technologies Memorandum (RAD/PSCTM), consisting of a 
summary of the Phase I FS, was submitted to EPA in June, 1992 (Golder, 1992b). A Phase 
II RI work plan (Golder, 1992c) was subsequently developed based on the PSCSR, and 
the data needs identified in the RAD/PSCTM. The Phase II RI scope of work, detailed in 
the work plan was approved by EPA in January, 1993. 

Following approval of the Phase II RI work plan, field investigations and technical 
analyses were completed and subsequently documented in several memorandums. These 
memorandums present results of a geophysical survey (Golder, 1992d), of analyses of 
geochemistry and hydrology of source areas and the vadose zone (Golder, 1993a), of 
hydrogeological investigations (Golder, 1993b), and of surficial soil and stream sediment 
investigations (Golder, 1993c). 

This memorandum specifically addresses Phase II RI work plan Activity 4f • Groundwater 
Modeling. The purpose of this activity is to develop a groundwater flow and solute 
transport model to evaluate the fate and transport of constituents of potential interest 
entering groundwater from the area of the old underflow solids ponds. Figure 1-2 shows 
the location of the old underflow solids ponds and the direction of groundwater flow 
below the Monsanto plant in the UBZ-2 groundwater region. The UBZ-2 groundwater 
region encompasses the flow system below the old underflow solids ponds. Because 
constituents in this groundwater region may migrate toward the south off-site, solute 
transport modeling is being used to predict the possible down-gradient concentrations 
that may occur. 

This memorandum does not present information or technical analyses concerning fate 
and transport of constituents in other groundwater regions below the Monsanto plant. 
This information will be presented in the Phase II RI report. Numerical and analytical 
modeling of fate and transport is not planned for these areas . 

Golder Associates 
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2. HYDROGEOLOGIC MODELING METHODS 

A modeling protocol, per EPA Region X Environmental Services Division Guidelines for 
Hydrogeologic Modeling (November 21, 1991), was submitted to EPA in the 
hydrogeological investigations memorandum (Golder, 1993b), Section 6. The modeling 
protocol describes the goals, methods, input data, and intended results for the modeling. 
This section summarizes the modeling methods. The input data and results for the 
modeling are presented in Sections 3 and 4. 

The modeling methods were separated into two parts. Part one consists of groundwater 
flow modeling within the Blackfoot Lava Field. The Blackfoot Lava Field includes the 
entire valley in which the Monsanto plant is located, extending from the Bear River 
northerly to the Blackfoot Reservoir. Part two consists of solute transport modeling of 
constituents entering groundwater at the location of the old underflow solids ponds on 
the Monsanto plant Groundwater velocity (magnitude and direction) evaluated from 
the groundwater flow model is used in the solute transport model. Specific details 
concerning these modeling methods are provided below. 

2.1 Groundwater Flow Modeling Method 

Groundwater flow modeling utilized a computer program called FLOWPATH (Franz and 

• 

Guiguer, 1992). FLOWPATH models the flow of groundwater based on the physics of • 
saturated groundwater flow in a porous medium. The FLOWPATH model has been 
developed with a CAD-based user interface that facilitates data input and viewing of 
results. 

The basis for the FLOWPATH model is a mathematical balance equation (continuity 
equation) that is solved by a computer program. In constructing the balance equation, 
the rate of groundwater flow is assumed to follow Darcy's Law. The balance equation 
fundamental to the FLOWPATH model is given as follows: 

where 

Txx 
Tyy 
h(x,y) 
q{x,y) 
x,y 

is the transmissivity in the x-coordinate direction {W/d), 
is the transmissivity in the y-coordinate direction {W/d), 
is the hydraulic head at location x,y (ft), 
is the rate of water influx at location x,y (ft/d), and 
are cartesian coordinates (ft). 
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From Equation 1, it can be observed that the FLO'WPATH model uses an equation for 
steady·state conditions and for groundwater flow in only two dimensions, x and y. The 
term pertaining to the rate of water influx, q(x,y), is used to represent features such as 
wells and springs (q(x,y) > 0 indicates recharge to groundwater whereas q(x,y) < 0 
indicates withdrawal). The transmissivity parameters, Txx and T>r, are shown as 
constants in Equation 1, however, in the solution they may vary m x and y to represent 
heterogeneity of the aquifer materials. The boundary conditions imposed at the edges of 
the model domain (not shown) include constant head or constant flux types. Both types 
of boundary conditions were used in the FLOWPATH model, as explained in Section 3. 

The solution to Equation 1 is obtained by the fmite difference method, a widely used 
numerical analysis technique. The solution method is implicit and requires iterations to 
reach a fmal, stable solution for Equation 1. As with aU numerical methods, the solution 
is approximate, but excellent solutions can be obtained with proper configuration and use 
of the modeL 

The results of the FLOWP A TH model include several attn"butes of the groundwater flow 
system. Among these results are the groundwater elevation and groundwater velocity 
throughout the model area. Groundwater elevation output can be used to construct 
contour maps of the groundwater elevation in the Blackfoot Lava Field, which in tum 
may be used to make interpretations concerning groundwater flow direction. 
Groundwater velocity output can be used directly by the solute transport modeling, 
which requires the groundwater velocity to determine the advective rate of transport. 
The FLO'WP ATH model also creates output for groundwater particle pathlines. These 
pathlines show the path along which a discrete particle will move from the point at 
which it is released into the flow system to the point at which it is discharged from the 
flow system By releasing particles at various locations in the groundwater flow system it 
is possible to determine the average transport of groundwater plumes. 

2.2 Solute Transport Modeling Method 

Solute transport modeling utilized a solution taken from the literature (Domenico, 1987) 
that was modified and coded into a computer program by Golder Associates Inc. A 
listing of the source code is provided in Appendix A and an executable version of the 
program is provided on diskette. The transport solution is based on a mass balance for a 
non-decaying dissolved solute. The dissolved solute is transported by advection, due to 
the bulk groundwater flow, and by hydrodynamic dispersion, due to the variations in 
groundwater flow velocity at the pore scale. Retardation of the solute resulting from 
sorption (i.e., either solute precipitation or solute adsorption to minerals) also is 
accounted for when appropriate . 

Golder Associates 
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The solution presented by Domenico (1987) is the following: 

where 

C(x,y,t) 
Co 
erfc(x) 
erf(x) 
v 
«x 
~ 

(2) 

is the solute concentration at location x,y and time t (mass/volume), 
is the source concentration at x = y = 0 (mass/volume), 
is the complementary error function of the argument x, 
is the error function of the argument x, 
is the transport velocity (ft/ d), 
is the dispersivity along x (ft), 
is the dispersivity along y (ft}, and 
is the width of the source nonnal to the flow direction (ft). 

Using Equation 2, the concentration of a solute can be predicted at various locations and 
various times. The source term represented by Co is assumed to be continuous and 

• 

constant Equation 2 can also include retardation effects if necessary by modifying the •.. 
transport velocity. Under conditions of no retardation, ie., R = 1, the transport velocity 
is equal to the seepage velocity of the groundwater. If retardation is known to influence 
the transport of a constituent, the seepage velocity is divided by the retardation 
parameter. 

It should be noted that Equation 2 applies to transport in only two-dimensions, rather 
than three. The solution has been intentionally reduced to two-dimensions because the 
aquifer is thin in the vicinity of the Monsanto plant and transport in three dimensions is 
anticipated to be limited. Calculations of concentration by Equation 2 are made with the 
assumption of a constant concentration over the full thickness of the aquifer. 

As shown above, Equation 2 is inadequate to assess transport from below the old 
underflow solid ponds because the source term does not correctly represent conditions at 
the Monsanto plant Historical information indicates the source of constituents to 
groundwater was continuous over a finite period of time and is currently declining, thus, 
the solution for an indefinitely constant source is inappropriate. 

Equation 2 can be modified to account for the source term behavior by a method referred 
to as superposition (Bear, 1979). The modified equation is the following: 

Golder Associates 
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(3) 

where the notation C(x,y,t-1i I Ci-Ci_1) is used to indicate a calculation carried out with 
Equation 2 substituting t-"ti fort and Ci-Ci·l for Co- The term to the right of the equal sign 
and left of the sum is simply Equation 2 The superposition method, as indicated in 
Equation 3, is nothing more than a sum of solutions to Equation 2 computed for different 
initial times, tj, and different source concentrations, Ci-Ci·l· For example, if the source 
began with concentration Co at time t = 0 and then stopped abruptly at time t = tj, the 
sum of Equation 3 would include only one term. The source value in this term would be 
-Co- Hence, the continuous source beginning at time zero is cancelled by a negative 
continuous source beginning at time "ti· The result is a fmite constant source of 
concentration C0 over the time period from 0 to 1i· This logic can be applied to fit any 
conceivable step function representing the concentration at the source location. 

The source term, representing constituents entering groundwater in the area of the old 
underflow solids ponds, began in about 1963 and was substantially reduced in 1983 when 
the ponds were taken out of use. A hypothetical function representing the actual source 
term is shown on Figure 2--1. As this function represents the conditions at the water 
table below the ponds, the active period of the ponds has been shifted by 1 year. This 
shift in the active period is intended to represent an estimated 1-year lag due to the 
transport that must occur through the vadose zone (i.e., it takes liquid about one year to 
reach the water table and also about one year to completely drain from the vadose zone). 
In Figure 2--1, the source concentration is shown to remain approximately constant when 
the ponds where in use and then to decline exponentially after closure of the ponds. 

For the purposes of modeling solute transport from the old underflow solids ponds, the 
source concentration is represented by an analytical function. This function, also shown 
in Figure 2--1, consists of a constant segment that occurs during the period when the 
ponds were active followed by an exponentially declining segment. This function is 
defined as follows: 

0, t < 1964 

C(t) = c, 1964 < t < 1984 

ce-r(t-1984), t > 1984 

where 

C(t) is the source concentration at time t (mass/volume), 
C is the source concentration during the active period of the ponds 

(mass/volume), 
r is the source decay rate (yr1), and 
t is the time (yr). 

Golder Associates 

(4) 



October 6 1993 6 913-1101.605 

As Equation 3 cannot directly implement the exponential decay function shown in • 
Equation 4, it is necessary to approximate this function as a series of steps. To obtain the 
transport modeling results presented in Section 4, the exponential function was 
computed for 4-year intervals and C(t) was assigned the interval midpoint concentration. 
For example, the source concentration over the period from 1988 to 1992 was assigned a 
concentration value of C(1990), as computed from Equation 4. 

• 
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3. GROUNDWATER FLOW MODELING 

The procedures followed to construct a computer model of groundwater flow include the 
following: 

• Development of a conceptual hydrogeologic model; 

• Gathering of input data; 

• Model setup and calibration; and 

• Presentation of results. 

This section of the memorandum summarizes the conceptual model, presents input data, 
and presents the model results. 

Earlier work concerning the hydrogeology of the Monsanto plant area and vicinity is 
contained in the Phase I RI report (Golder, 1992a), and a more recent Phase ll RI 
hydrogeologic investigations memorandum (Golder, 1993b). Parts of this information are 
summarized here, although greater detail can be found in the earlier documents. 

3.1 Hydrogeologic Conceptual Model 

The hydrogeologic conceptual model identifies features of the groundwater flow system 
that will be represented in the computer model As discussed above, the area considered 
in the conceptual model and subsequently in the computer model includes the entire 
Blackfoot Lava Field, as shown on Figure 3-1. There are many hydrologic features in this 
area including springs, creeks, and aquifers. These features are summarized below. 

3.1.1 Surficial Hydrologic Features 

The main hydrologic features of the Blackfoot Lava Field that may be observed from 
ground surface are summarized below. These features will form the boundaries of the 
computer model, as they are either locations of recharge or locations of discharge within 
the groundwater flow system. More detail concerning the model boundaries is presented 
in Section 3.2 

Blackfoot Reservoir The Blackfoot Reservoir is located on the northern boundary of the 
Blackfoot Lava Field. Although contained within the Snake River basin, the Blackfoot 
Reservoir has some leakage to the south into the shallow aquifer below the Blackfoot 
Lava Field. Dion (1974) estimates this leakage to be about 12 cubic feet per second (cfs). 
This leakage from the reservoir provides the majority of groundwater that occurs in the 
western half of the Blackfoot Lava Field . 

Golder Associates 
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Aspen Range The Aspen Range borders the entire eastern edge of the Blackfoot Lava • 
Field, with the exception of a short segment on the northeast edge. Shallow 
groundwater in the eastern half of the Blackfoot Lava Field receives recharge from the 
Aspen Range. This recharge originates from rainfall and snowmelt The watershed area 
of the Aspen Range increases in size toward the south, thus greater recharge is 
anticipated to occur in this area in comparison to the northern part of the range. 

Formation Spring Formation Spring occurs along the eastern edge of the Blackfoot Lava 
Field, about due east of the Monsanto plant. Formation Spring discharges approximately 
2D cfs of groundwater into streams directed into the Blackfoot Lava Field (field estimate 
by Golder Associates Inc. staff). Formation Cave receives most of this water and provides 
recharge to the shallow basalt aquifer. The source water for Formation Spring is likely 
further to the east beyond the Aspen Range (Mayo et aL, 1985). The Spring discharge is 
believed to rise from depth to the surface along a normal fault that borders the east edge 
of the Blackfoot Lava Field. Thus, Formation Spring is a recharge source to the shallow 
basalt aquifer, rather than a point of discharge. 

Ledger Spring Ledger Spring and several other springs occur southeast of the Monsanto 
plant in the east central part of the Blackfoot Lava Field. Ledger Spring is a drinking 
water source for the City of Soda Springs which draws approximately 2.5 million gallons 
per day (MGD) from the Spring. · This flow is about 1/2 to 1/3 of the total flow from the 
Spring. The discharge occurring at Ledger Spring enters a creek that flows southerly to 
the Bear River. The absence of travertine deposits and the fresh water quality of Ledger 
Spring indicates that discharge is from the shallow basalt aquifer. Because the discharge • 
feeds a stream and does not percolate back into the aquifer, the Spring is anticipated to 
represent a point of discharge from the shallow basalt aquifer. 

Bear River The southern edge of the Blackfoot Lava Field is bordered by the Bear River. 
The mean annual flow in the Bear River at a gaging station upstream from Alexander 
Reservoir during the period from 1954 to 1970 was 530 cfs (Dion, 1974). In this part of 
the Blackfoot Lava Field, groundwater discharge occurs to the Bear River, as shown by 
hydraulic gradients (Dion, 1974). Discharge into Bear River and Alexander Reservoir 
comprises the majority of the groundwater discharge from the shallow basalt aquifer. 

Big Spring Creek Big Spring Creek discharges into the Bear River on the south side of 
Soda Springs. The creek is fed by Big Spring which is assumed to be a discharge point 
for the shallow basalt aquifer. The flows in Big Spring Creek measured at the Big Spring 
Creek Hatchery weir by the Hatchery personnel average 14 ds. 

Alexander Reservoir Alexander Reservoir occurs in the Bear River west of Soda Springs. 
This reservoir, along with Bear River, forms the primary discharge location for 
groundwater in the shallow basalt aquifer. 

Ninety Percent Range The Ninety Percent Range lines the southwestern edge of the 
Blackfoot Lava Field. The range is much smaller and generally drier than the Aspen 
Range. A small quantity of recharge to groundwater is likely from rainfall and snowmelt 
in this area. 

Golder Associates 
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Fivemile Meadows Fivemile Meadows is located northwest of the Monsanto plant in the 
center of the Blackfoot Lava Field. The meadow is an area of groundwater discharge 
which forms the headwaters of Soda Creek. Seepage from Fivemile Meadows was noted 
to increase substantiaiJy shortly after construction of Blackfoot Reservoir around 1910 
(Dion, 1974). The response of the meadows to the reservoir indicates hydraulic 
connection exits between the two features. Fivemile Meadows is considered to be a 
location of discharge from the shallow basalt aquifer in the Blackfoot Lava Field. 

Other Streams The area southwest and south of the Monsanto plant includes several 
streams and irrigation ditches. Soda Creek is one of the streams in this area. 
Groundwater discharge from springs and precipitation provides water to these streams 
and they are likely in hydraulic connection with groundwater throughout their entire 
length. These streams ultimately discharge to either Alexander Reservoir or Bear River. 
With regard to the computer model, we have assumed flow between these features and 
the shallow aquifer is negligible away from their headwaters. 

Other Springs Several springs exist in the area of the Monsanto plant located west and 
southwest of the plant boundary. These springs include Hooper, Southwest, Doc 
Kackley, Calf, Mormon (A, B, and q, and Homestead. These springs discharge into Soda 
Creek. Hooper, Southwest, and possibly Doc Kackley Springs appear to be deep conduit 
springs similar to Formation Spring. Mormon, Calf, and Homestead Springs appear to be 
discharge points from the shallow basalt aquifer in the Blackfoot Lava Field. These 
springs generally have small flows (less than 0.5 cfs) and were not represented in the 
computer modeL 

3.1.2 Aquifers 

The Blackfoot Lava Field is comprised of basaltic lava flows. In general these flows 
consist of dense basaltic materials separated by loose, porous materials called interbeds. 
Horizontal groundwater flow primarily occurs in the interbed zones, which are normally 
+/- 10 feet in thickness. The materials in the interbed zones include sediments, such as 
sand and day, a~d a variety of basalt textures developed along the edges of the 
underlying- and overlying-lava flows. These basaltic textures tend to be highly porous 
(e.g., scoriaceous basalt) and/or fractured (e.g., brecciated basalt). Dense, low-porosity, 
low-permeability basalt forms the interiors of lava flows. These dense basalt materials 
commonly have been 'fractured from columnar jointing (a phenomenon that occurs 
during cooling of the basalt from a molten state). These fractures are vertical and may 
conduct groundwater flow only in the vertical direction. 

In the area of the Monsanto plant, the Blackfoot Lava Field contains two aquifers. A 
shallow aquifer (Upper Basalt Zone, or UBZ) occurs primarily within interbed materials 
and dominates the flow system. Water quality data for this aquifer indicates the 
presence of constituents of potential interest Based on boreholes in the area of the 
Monsanto plant anywhere from one to three interbed zones, in close proximity to one 
another, form the shallow basalt aquifer. The total thickness of the shallow aquifer 
appears to average 30 feet, although individual interbed thicknesses may be on the order 
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of 2 to 10 feet A deeper aquifer (Lower Basalt Zone, or LBZ) also occurs within interbed • 
materials but is of much lower permeability, and consequently, conducts much less water 
through the groundwater flow system. The two aquifers are weakly connected through 
the intervening dense basaltic materials. In the computer model of groundwater flow 
only the shallow aquifer is considered. Both aquifers have been affected by high-angle, 
northwest trending, normal-faulting in the area of the Monsanto plant The occurrence 
of faults was not represented in the computer model. 

In constructing the computer model, the shallow basalt aquifer was assumed to extend 
throughout the Blackfoot Lava Field. The aquifer abuts sedimentary materials along the 
margins of the Blackfoot Lava Field and in the area of Threemile Knoll, located northeast 
of the Monsanto plant (Figure 3-1). These areas were also incorporated into the model 
by adjusting the hydraulic conductivity. The hydraulic conductivity of the sedimentary 
materials are observed to be much less than those of the basalt interbeds. Based on 
hydrogeologic investigations, the basalt interbed hydraulic conductivity averages 400 ft/d, 
whereas the hydraulic conductivity of the sediments is estimated to be about 40 ft/d. 

3.2 FLOWP A TH Modeling Input Data 

Input data for the FLOWP ATH model consist of the following: 

• Aquifer type; 

• Aquifer thickness; 

• Aquifer hydraulic conductivity; 

• Aquifer porosity; 

• Boundary conditions of either constant head or constant flux; 

• Discharge or recharge rates to represent springs; and 

• Discharge rates for pumping wells. 

Because the FLOWP ATH model uses a numerical method to solve the groundwater flow 
equation (Section 2.1}, it is necessary to locate the input data onto a grid. The grid is 
overlain onto the Blackfoot Lava Field and then the necessary features are located onto 
the grid, or to the nearest grid intersection. The grid size used in the FLOWPATH model 
was 2,500 feet by 2,500 feet Detailed computer output documenting the input data is 
provided in Appendix B. Data input flles are also contained in machine readable form 
on diskette. 
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Aquifer Type and Thickness As discussed above, only the shallow basalt aquifer was 
modeled using FLOWPATH. In constructing the model, the aquifer type was assumed to 
be confined as a simplifying assumption. Based on the results presented in Section 3.3, 
this assumption appears reasonable. By making this assumption, it was possible to 
specify a single aquifer thickness for the entire model area, which is an important 
convenience given the limited data that exist away from the Monsanto plant This 
thickness was estimated to be 30 feet based on model calibration and data for the 
Monsanto plant area. One drawback to selecting the confined aquifer type is related to 
areal recharge to the aquifer. In the Blackfoot Lava Field, recharge to groundwater likely 
occurs through the valley interior. This recharge cannot be directly represented by the 
confmed aquifer type and was indirectly added to the aquifer through the boundary 
conditions. 

Hydraulic Conductivity The hydraulic conductivity of the shallow basalt aquifer was 
varied in space to represent heterogeneity of the aquifer materials. The heterogeneity 
occurs where the aquifer host rock changes from volcanic interbeds to sedimentary rock. 
The final spatial distnbution of hydraulic conductivity reflects this heterogeneity and was 
obtained by calibration. This distribution is shown on Figure 3-3. 

Porosity Aquifer porosity was estimated as a single value over the· entire model area. 
This parameter was assigned a value of 0.30. The porosity is used to detennine pore 
water velocity of the groundwater, thus, it represents an effective porosity value. The 
value of 0.3 was obtained partly through calibration after assuming a range of porosity 
from 0.15 to 0.3 for the interbed materials. The value of 0.3 was finally used due to the 
high pore water velocities predicted by the computer model The value of 0.3 resulted in 
the smallest velocities, given the range of porosity values. The value of porosity has no 
effect on the solution to the groundwater flow equation (Section 2.1). 

Boundazy Conditions Boundary conditions determine the flow of groundwater across 
the edges of the model area. The boundary conditions, shown on Figure 3-4, include 
constant head boundaries at Blackfoot and Alexander Reservoirs, constant flux 
boundaries along the Aspen Range, Ninety Percent Range, and Bear River, and no-flow, 
or zero flux, boundaries along the northeast, southeast, and northwest segments. The 
constant head values for the reservoirs were obtained from the United States Geological 
Survey 1:100,000 metric topographic map for Soda Springs. Constant flux values for the 
Aspen Range and Ninety Percent Range were estimated based on watershed area, annual 
precipitation (20 inches/year), and an assumed infiltration rate {15% ). These flux values 
were increased slightly to represent recharge occurring in the valley interior and as part 
of the model calibration. Constant flux values into the Bear River were developed 
entirely through model calibration. The gradation in the flux values from east to west 
along the Bear River were developed in part to represent Big Spring Creek, which was 
not specifically represented by the model due to its proximity to Alexander Reservoir and 
Bear River. 

Wells and Springs Also shown on Figure 3-4 are the wells and springs represented in 
the computer model. These features are represented by one or more pumping or 
injection wells in the computer model. Fivemile Meadows is represented by five 
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pumping wells that withdraw and an estimated 15.5 ds from the shallow basalt aquifer. .; 
This flow rate was partially established through calibrating the model. Formation Spring 
is represented by four injection wells that recharge 20 cfs into the aquifer. This flow rate 
is an estimate made in the field by Golder, as no gaging of the Spring exists, and is also 
partially based on model calibration. Ledger Spring was represented by a single 
pumping well withdrawing 5 ds from the aquifer, a rate approximately 1.5 times greater 
than the City of Soda Springs demand from the Spring. The City of Soda Springs 
withdraws about 2 MGD from Ledger Spring. Aquifer withdrawal from pumping wells 
is only known to occur at the Monsanto plant (besides possibly other small domestic 
users to the south). The four wells at the Monsanto plant were represented by a single 
pumping well at the equivalent rate of 3.1 cfs. 

3.3 FLOWP ATH Modeling Results 

When field data are available for the model area, the model results are obtained by 
calibrating the model to the data. The data for groundwater flow modeling that can be 
used to calibrate a model include groundwater elevation, groundwater flow direction, 
and groundwater flow rate. The detail of the model calibration is reflected in the scale of 
the model. The model presented here includes a large area, thus, the cahbration cannot 
be based on small scale features of the flow system. For example, the model cannot be 
calibrated to the variation in groundwater elevation across the Monsanto plant. Rather, 
the calibration tries to match only the average groundwater elevation at the Monsanto .i 
plant This type of calibration based on average conditions is also true with respect to 
the groundwater flow direction and groundwater flow rate. 

Results from the FLOWPATH modeling are shown on Figures 3-4 through 3-6. Figure 3-
4 is a groundwater elevation contour map produced by FLOWP ATH. These results were 
obtained in part by matching the model output to a groundwater elevation map based 
on water levels in wells produced by Dion (1974). The main departures between the 
contouring shown on Figures 3-4 and 3-7 occurs along the west side of the Blackfoot 
Lava Field. It appears field data are limited in this area. The FLOWPATH results along 
the west side of the model are strongly influenced by the no-flow boundary segment in 
the northeast, which was added to the model based on interpretation of the watershed. 
The FLOWPATH results also were calibrated to the topographic elevation of Fivemile 
Meadows, which is about 5,950 ft amsl. This elevation is determined to coincide with the 
groundwater elevation based on the occurrence of discharge conditions. 

The model was also calibrated to the discharge from the Blackfoot Reservoir. Dion (1974) 
estimated a leakage rate of about 12 cfs, and the FLOWPATH model computed a leakage 
rate of 14.7 ds. While FLOWPATH overestimated the leakage rate, the values are closely 
comparable. Additional calibration was conducted in the southern end of the model area 
by adjusting the flux values along the Bear River. These values were adjusted to obtain 
groundwater flow directions as shown on Figures 3-4 and 3-7. The flux values are listed 
on Figure 3-3. 
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Figure 3·5 shows groundwater velocity vectors throughout the model area. The fastest 
flow of 26 ft/d occurs in the area of the Monsanto plant. This flow rate appears higher 
than actual. Based on field data from the Monsanto plant area, we estimate an average 
linear groundwater velocity in the UBZ-2 groundwater region of 1 to 5 ft/d (Golder, 
1993b). The high flow rate may be due to an overestimation of the flow rate from 
Formation Spring, as this flow rate was based on visual estimation. The general increase 
in groundwater velocity in the area of the Monsanto plant and to the south is expected 
due to the reduced extent of the shallow aquifer in this area. As shown on Figure 3-2, 
low permeability sedimentary materials constrict the flow area in the shallow basalt 
aquifer at this location. 

Figure 3-6 presents groundwater pathline output generated from the FLOWPATH modeL 
This output was generated by releasing particles near to the Monsanto plant and then 
allowing the computer model to track their progress through the aquifer. Ultimately, the 
particles discharge from the aquifer into the Bear River and Alexander Reservoir. The 
average groundwater velocity along the pathlines was estimated as 10 ft/d. Based on this 
velocity, the average travel time for groundwater to reach the discharge locations from 
the Monsanto plant southern fence-line is about 4 years. The lower velocity for 
groundwater estimated from hydrogeologic field data indicates this travel time may range 
from 8 to 40 years. 

As discussed in the earlier hydrogeologic investigations for the Monsanto plant (Golder, 
1992a and Golder, 1993b), faulting influences the groundwater flow direction in the area 
of the Monsanto plant and likely at other locations within the Blackfoot Lava Field. This 
faulting was not represented in the computer model as a simplification. The absence of 
any faults in the computer model affects the pathline predictions, as the faulting is 
known to direct groundwater flow toward the southeast Thus, pathlines shown on 
Figure 3-6 near to the Monsanto plant boundary are not representative of the actual 
groundwater flow directions. To the south, the influence of faulting on groundwater 
flow diminishes and the pathlines are more representative of the overall off-site flow 
paths and discharge locations . 
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4. SOLUTE TRANSPORT MODELING 

Solute transport modeling was performed for constituents of potential interest observed 
in groundwater in the UBZ-2 groundwater region (Figure 4-1). The model used to 
predict down-gradient concentrations for constituents of potential interest was described 
in Section 2.2 The results of the modeling are presented below. 

4.1 Source Area History 

As discussed in Section 1, the modeling was conducted to evaluate groundwater 
concentrations of constituents of potential interest at locations down-gradient from the 
old underflow solids ponds (Figure 4-1). These ponds were once used to dewater solids 
as part of the elemental phosphorous production process. In this use, a slurry was 
directed to the ponds and the liquid portion was allowed to drain into the ground. The 
solid material remaining in the ponds was a low grade phosphorous ore that was 
excavated and further refmed. In 1983 the ponds were closed and capped with molten 
slag and bentonite. At this time drainage to groundwater stopped and the slag and 
bentonite cap also provided a barrier to rainfall and snowmelt. Earlier work (Golder, 
1993a} estimated a recharge rate to groundwater through the slag and bentonite cap of 
0.2 inches per year. Although it is unknown, this recharge rate is likely of order 1Q3 less 
than the recharge through the source area during the active period of the ponds. 

Based on observations of declining groundwater concentrations in the source area ., 
(shown below}, it appears the release of mass to groundwater has declined and is 
declining. The mass released to groundwater under present conditions may arise from 
dissolution of residual materials in the pore space of the vadose zone and aquifer and/or 
continued drainage of vadose zone liquids to groundwater. The former mechanism is 
considered more likely as almost 10 years has passed since the ponds were closed and it 
is likely the vadose zone moisture content has reached a steady state condition. Under 
this condition, little if any moisture is expected to drain from the vadose zone to the 
water table in the source area. The slag and bentonite cap at ground surface is a barrier 
to precipitation. 

4.2 Constituents of Potential Interest 

A preliminary identification of constituents of potential interest was developed from the 
Phase I RI groundwater quality data (Golder, 1992a). In the Phase I RI report, Golder 
Associates Inc. identified constituents of potential interest based on upper tolerance limit 
screening (a statistical method of comparison against background water quality) and risk­
based screening (a comparison against conservative human health and ecological toxicity 
concentrations) of the groundwater quality data. The EPA oversight consultant, SAIC, 
also independently identified the constituents of potential interest using similar methods 
(Letter from J. C. Eldridge (SAIC) toT. Brincefield (EPA) dated September 3, 1992). The 
SAIC analysis, however, substituted the maximum control concentration of background 
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data for the upper tolerance limit values used by Golder Associates Inc. This difference 
in the screening analyses resulted in different lists for the preliminary constituents of 
potential interest The Phase ll RI field investigations included the collection of 
additional groundwater quality data, and these data will be used in further evaluations 
of the constituents of potential interest 

This memorandum has been prepared based on the preliminary constituents of potential 
interest identified by SAIC on EPA's behalf ((Letter from J. C. Eldridge (SAiq toT. 
Brincefield (EPA) dated September 3, 1992). These constituents (and there chemical 
symbols) for shallow fresh groundwater are listed below: 

Aluminum (Al), 
Arsenic (As), 
Cadmium (Cd), 
Chloride (Cl), 
Fluoride (F), 
Manganese (Mn), 
Molybdenum (Mo), 
Nickel (Ni), 
Nitrate (N03) 

Selenium (Se), 
Sulfate (SOJ, 
Vanadium (V), and 
Zinc (Zn). 

The constituents of potential interest iron and radon-222 were also identified by SAIC, 
but were not evaluated in the transport modeling. Using recent data for groundwater at 
the Monsanto plant, both constituents were found to occur at concentrations less than 
the maximum background concentrations. Consequently, these constituents are not 
constituents of potential interest based on the screening methods used by SAIC. 

4.3 Hydraulic Transport Parameters 

As discussed in Secti.on 2.2, solute transport modeling requires input of hydraulic 
parameters as well as chemical parameters. Hydraulic parameters do not depend on the 
constituent and include the groundwater velocity and dispersivity. Values determined 
for these parameters are presented below. 

4.3.1 Groundwater Velocity 

The groundwater velocity was determined to average 10 ft/d in the UBZ-2 groundwater 
region to the south of the Monsanto plant (Section 3.3). This value for groundwater 
velocity is slightly higher than the velocities obtained from Darcy Law calculations based 
on hydrogeologic data collected from the Monsanto plant area . 
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4.3.2 Dispersivity 

Data for longitudinal dispersivity in many different aquifer conditions was compiled by 
Gelhar et al. (1985). In the transport calculations presented below, longitudinal 
dispersivity values, ux, were obtained from the "best fit" curve drawn through the data of 
Gelhar et al., as shown on Figure 4-2. Dispersivity values were determined for three 
observation locations that were selected for output of concentration time histories from 
the transport model. These locations include an intermediate point in the aquifer 500 ft 
south of the Monsanto plant boundary (5,000 feet from the source area), a location at 
Soda Creek (8,500 feet from the source area), and a location at the Bear River (18,500 feet 
from the source area). These locations are schematically shown on Figure 4-1. 

The transverse dispersivity, uy, was obtained by assuming a value for the ratio of 
transverse- to longitudinal-dispersivity. This ratio was assumed to be 0.01 due to the 
faulting in the UBZ-2 groundwater region which restricts lateral spreading of dissolved 
constituents. 

Table 4-1 presents the dispersivity values used in the solute transport modeling. As the 
transverse dispersivity values were very close in value, a constant value of 3 ft was used 
in the model calculations as a simplification. The results of the model were found to be 
insensitive to the value of the transverse dispersivity within the range of the estimated 
values shown in Table 4-1. 

4.4 Chemical Transport Parameters 

The source concentration and retardation parameters are referred to as chemical 
parameters because they depend directly on the constituent of potential interest. Data 
for these parameters are presented below. 

4.4.1 Source Concentration 

As discussed in Section 22, the source concentration was defined as a constant segment 
followed by an exponentially declining segment, as shown on Figure 2-1. The constant 
segment of the function requires a groundwater concentration value for the active period 
of the old underflow solids ponds, from 1964 to 1984. The exponentially decaying 
segment requires a decay rate parameter. These data have not been measured directly 
for the constituents of potential interest and were estimated for the solute transport 
modeling. The first step to estimate the parameters consisted of estimating the decay 
rate. The decay rate was then used to estimate the concentration during the period from 
1964 to 1984. 

The decay rate was estimated from time history data collected at the Monsanto plant 
from about 1985 to present. For a declining time history of groundwater concentration in 
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the source area and assuming an exponential decay model, the source concentration 
decay rate is computed as follows: 

(5) 

where C(t;) is the source area groundwater concentration at time t1 or tz (mass/volume). 

For each constituent of potential interest, the source area groundwater concentration was 
obtained from analyses for samples collected from test well37 {Fig11re 4-1). Time t1 
ranged from 1985 to 1987 and time t2 ranged from 1992 to 1993. The average 
concentration in the neighborhood of either time t1 or time t2 was visually estimated from 
x-y plots of the time history data. Table 4-2 presents data and results for each constituent 
of potential interest Figures 4-3 through 4-15 present the time history data for each 
constituent of potential interest as observed in samples from test well 37. 

Given the estimated decay rate for the exponentially declining source concentration, the 
source area concentration for the period from 1964 to 1984 was estimated as follows: 

(6) 

As shown on Figure ~1, the concentration during this period is constant, thus, it can be 
estimated by estimating the concentration occurring in 1984. Values for C(1984) are 
shown in Table 4-2 for each constituent of potential interest 

There were a few special cases to deal with in evaluating the parameters for the source 
concentration. Time history data for molybdenum and selenium concentrations were 
lacking for test well 37. For both constituents an average decay rate was assigned and 
the value of C(1984) was computed based on the currently observed groundwater 
concentration. The average decay rate was based on computed decay rates for 
aluminum, arsenic, cadmium, nickel, vanadium, and zinc. 

The constituents chloride, nitrate, and sulfate also required special treatment because they 
occur at significant levels in background groundwater. The background concentrations 
were based on chemical analyses of groundwater samples collected from test well 57 in 
November, 1992. As shown on Figure 4-1, test well 57 is directly up-gradient from the 
old underflow solids ponds in the UBZ-2 groundwater region. The background 
concentrations were subtracted from the observed concentrations in the source area prior 
to computing the decay rate. The background concentration was subsequently added to 
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the modeling result. The background concentrations were 16 mg!L, 0.96 mg!L, and 76 
mg/L for chloride, nitrate, and sulfate, respectively. 

Fluoride also was a constituent that required special handling. The fluoride groundwater 
concentration time history in test well 37 is shown on Figure 4-7 and does not reveal that 
concentrations are declining. Following a sharp decline from 1985 to 1986, the fluoride 
concentration remains steady. To account for this pattern, a step function was used for 
the source term that included two constant segments. The first segment occurred from 
1964 to 1984 with a concentration level of 40 mg!L and the second segment occurred 
afterwards with a concentration level of 17 mg/L. Although a step function is supported 
by the time history data, historical information on the source area indicates the source 
concentrations will decline. Unfortunately, data are not currently available to estimate a 
rate of decline. 

As discussed in Section 22, the transport model solution is an adaptation of a constant 
source model, thus, it cannot handle the exponentially decaying source concentration 
when written as a function. Rather, the exponential function must be fit to a series of 
steps. For the transport modeling, a 4-year step size was used to fit the exponential 
decline of the source concentration. This approximation was found to provide smooth 
predicted concentration time histories, thus, we assume it is reasonable. Appendix C 
presents a table of values used to represent the source concentration in the transport 
modeling. 

• 

The transport model presented in Section 22 distributes the source over a line of length • 
Y. The value of Y represents the width of the source normal to the direction of 
transport. The modeling results presented below were based on a value of Y of 600 ft, 
which was measured from a Monsanto site plan. 

4.4.2 Retardation Parameters 

Chemical reactions that result in the temporary removal of a dissolved constituent from 
solution are represented by the retardation parameter. These reactions, referred to as 
sorption reactions, include both precipitation and adsorption. In both types of reactions 
it is assumed the dissolved and sorbed phases of the constituent are in equilibrium. The 
result of either reaction is a decline in the transport rate of the constituent. No mass is 
removed from transport by retardation processes. 
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Retardation is a function of the solute and the porous medium (Dragun, 1988). The 
retardation parameter, R, is computed as follows: 

where 

Kd is the distribution coefficient (mVg), 
Pb is the bulk density of the porous medium (&'ml), and 
n is the porosity of the porous medium. 

The distribution coefficient indicates the tendency for the solute to adhere to the solid 
phase of the porous medium or to precipitate from pore water. The bulk density and 
porosity are used for the purpose of a units conversion. 

(7) 

Table 4-3 presents distribution coefficients obtained from Dragun (1988) and the 
corresponding retardation parameters for the constituents of potential interest. In 
computing the retardation coefficient, the bulk density was assigned a value of 2 &'ml 
and the porosity a value of 0.25 mVml, values assumed to represent the basalt interbeds 
below the Monsanto plant (Freeze and Cherry, 1979). Based on these parameters the 
retardation parameter is equal to 1 +8Kd, where I<u is the distribution coefficient. 

As shown in Table 4-3, distnbution coefficients were available for five constituents, 
cadmium, manganese, molybdenum, selenium, and zinc. For these constituents, with the 
exception of selenium, the retardation parameter was computed from the minimum value 
for the distribution coefficient. As selenium in groundwater typically complexes with 
oxygen and forms an anion, the retardation was assigned a value of 1, i.e., no retardation 
occurs. Use of the minimum retardation value for the other constituents was a 
conservative approach with respect to the travel time of the constituents. Thus, the 
modeling results provide the earliest arrival times at the observation locations for the 
constituents of potential concern. 

Where data were lacking for the distribution coefficient, the retardation parameter was 
determined by one of two ways. If the constituent typically occurs as an anion (a 
negatively charged species) in groundwater, the retardation parameter was assumed 
equal to 1, i.e., no retardation occurs. A retardation value of 1 was assigned to arsenic, 
chloride, fluoride, nitrate, selenium, and sulfate. If the· constituent typically occurs as a 
cation (a positively charged species) in groundwater, the retardation parameter was 
assigned a value of 1.8. This value is based on the minimum distribution coefficient of 0.1 
mVg that was reported for zinc. A retardation parameter value of 1.8 was assigned to 
aluminum, nickel, and vanadium . 
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4.5 Modeling Results 

The transport solution presented in Section 2.2 was used to predict concentrations at 
three locations in the shallow basalt aquifer based on a source located at the old 
underflow solids ponds and using parameter values given above. A listing of the input 
data files for the transport modeling is provided in Appendix D. Input data files are also 
provided in machine readable form on diskette. 

The three observation locations were located along the plume centerline (i.e., y-coordinate 
= 0), which coincides with the maximum concentration in the plume at the particular x­
coordinate value and are shown on Figure 4-1. The x-coordinate values for the three 
locations were 5,000 ft, 8,500 ft, and 18,500 ft The first location at 5,000 ft occurs 
approximately 500ft south of the Monsanto plant southern fence line near the location of 
TW-54 and TW-55, as shown on Figure 4-1. The second location at 8,500 ft occurs at the 
estimated approximate discharge point of the plume into Soda Creek, if the plume were 
in fact to follow a pathway to Soda Creek. The third location at 18,500 ft occurs at the 
estimated approximate discharge point of the plume into Bear River, if the plume were in 
fact to follow a pathway to Bear River. 

• 

Figures 4-16 through 4-28 present predicted time histories for the constituents at the three 
observation locations. The general pattern observed in the results consists of a sharp rise 
to a plateau representing the onset of pond usage. The plateau then continues during 
the active period for the ponds. Following the active period, the concentrations decline 
to background levels over time periods from 20 years to 100 years. The occurrence of a • 
plateau in the predicted time histories indicates that steady-state conditions in the aquifer 
were predicted to occur during the active period of the ponds. In all cases except for 
cadmium, the predicted maximum concentration exists or has already occurred at the 
three observation locations. With respect to cadmium, the maximum concentration at 
Soda Creek is predicted to occur around the year 2000 and that at Bear River is predicted 
to occur around the year 2035. This delay in comparison to the other constituents is due 
to the high retardation parameter for cadmium. 

Cadmium concentrations in groundwater are known to be controlled by the mineral 
otavite, a cadmium carbonate mineral. Earlier geochemical modeling of groundwater in 
the UBZ-2 groundwater region (Golder, 1993a) showed that otavite is likely to exist in the 
aquifer. In equilibrium with otavite, the dissolved cadmium concentration should remain 
constant at about 0.06 mYL. Figure 29 presents predicted cadmium time histories 
assuming the maximum source concentration occurring during the period from 1964 to 
1984 was 0.07 mg!L, a value slightly higher than the otavite equilibrium concentration. 
As shown by Figure 29, the position of the time history curves is unchanged, however, 
the maximum concentrations are lower by a factor of 2. 

Fluoride also is a constituent of potential interest that commonly forms a mineral, and 
hence may be subject to a solubility control. Fluoride was predicted to be in equilibrium 
with fluorite, a calcium fluoride mineral, by the earlier geochemistry modeling (Golder, 
1993a). In equilibrium with fluorite, the fluoride concentration will be limited to about 3.8 

Golder Associates 
• 



• 

• 

• 

October 6 1993 21 913-1101.605 

mgt.. Figure 30 presents predicted fluoride time histories assuming the present day 
source is constant at 4 mgll. As shown in Figure 30, the steady-state conditions which 
are predicted to exist now and into the future are a factor of about 4 less than shown on 
Figure 4-20, which was created without consideration of solubility controls. As stated 
above, the steady-state conditions predicted to occur are considered incorrect, as the 
source is known to be finite and declining. Thus, the concentrations in groundwater 
should decline into the future rather than remain constant . 
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5. INTERPRETATIONS 

5.1 Groundwater Flow Modeling 

The groundwater flow model presented in Section 3 agrees moderately well with 
observations in the Blackfoot Lava Field. As the model was developed with a minimum 
of calibration, the conceptual model of the Blackfoot Lava Field groundwater flow system 
appears reasonable. 

As pointed out, in the computer model there appears to be a problem involving the 
overestimation of the groundwater velocity, most notably to the east of the Monsanto 
plant where the velocity was predicted to be 26ft/d. While this velocity is considered 
high it is not considered impossible for the materials of the Blackfoot Lava Field and the 
observed hydraulic gradients. 

5.2 Solute Transport Modeling 

Solute transport modeling presented in Section 4 provided reasonable predictions of 
groundwater concentrations for arsenic, chloride, nitrate, selenium, and sulfate. Poor 
predictions were obtained by the transport modeling for aluminum, cadmium, fluoride, 
manganese, molybdenum, vanadium, and zinc. In these cases, the model substantially 
overestimated the currently observed concentrations. Table 5-1 presents a comparison of 
predictions with observations from test wells 54 and 55. Both of these test wells are 
shown on Figure 4-1 and are located about 500 ft to 750 ft south of the Monsanto plant 
southern fence line. 

In attempting to obtain a better fit of predictions to observations, the model was 
calibrated to down-gradient groundwater concentrations observed in 1992 and 1993. By 
considering model sensitivity and the input data, the retardation parameter was 
determined to be the only calibration parameter that could alter concentrations to the 
extent necessary. The source term was not a candidate for model calibration because it 
was developed by calibration to test well 37. Other parameters such as the source width 
and the dispersivities were considered to have minor effects on the model predictions. 

Based on calibration to cadmium and manganese, which are two constituents with good 
time history data, very large retardation values (R = 50 for cadmium and R = 45 for 
manganese) were necessary to match the low observed concentrations. This same 
pattern was anticipated to be observed for the other constituents and the calibration was 
not completed. In calibrating the model to cadmium and manganese, we found a 
discrepancy in the predicted model trends. The predicted trends obtained using the 
large retardation values were increasing rather than decreasing at down-gradient 
locations. Based on the time history data at test wells 22 and 36 where we observe 
decreasing trends, the model incorrectly predicted increasing trends. Thus, it appears the 
calibration based on retardation was not appropriate for comparing predictions to 
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observations and that there are other processes occurring in the aquifer that reduce the 
down-gradient concentrations. 

The results of the calibration indicate that certain constituents become fvced in the aquifer 
materials as they migrate down-gradient The fixation of constituents within the aquifer 
material will lower the down-gradient concentrations below those which would be 
predicted by the transport model (as the transport model assumes equilibrium 
partitioning). This fixation process, which is primarily ion exchange, is expected for 
divalent and trivalent cations and is discussed by Dragun (1988). The constituents to 
which this transport process applies include aluminum, cadmium, manganese, 
molybdenum, vanadium, and zinc. For these parameters the model predictions are 
overestimates due to the transport processes considered by the model and the results 
cannot be improved by model calibration. 

Although fluoride is not expected to undergo ion exchange because it is an anion, 
fluoride may be controlled by fluorite, as discussed above, which could lead to the poor 
match between observations and predictions. As shown in Table S-1, the predicted 
fluoride concentration assuming solubility control by fluorite matches the observations 
more closely . 
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TABLE 4-1 

• Dispersivity Parameter Values for Solute Transport Modeling 

Dispersivity (ft) Observation at Observation at Observation at 
51000 ft (Aquifer) 8$>0 ft (Soda 18$)0 ft (Bear 

Creek) River) 

Longitudinal 231ft 312ft 460ft 

Transverse 2.3 ft 3.1 ft 4.6 ft 

• 

• 
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TABLE 4-2 

Parameter Values Used to Determine Source Concentration 

Constituent t1 (yr) C(t1) t2 (yr) C(t~ r (yr1) C{1984) 
(mg!L) (mg!I..) (mg!L) 

Aluminum 1988 1.25 1993 0.4 0.228 3.11 

Arsenic 19865 0.013 1992.5 0.006 0.129 0.018 

Cadmium 1985 1.22 1992 0.44 0.146 1.41 

Chloride• 1985.5 259 1992 59 0.228 364 

Fluorideb 1988 17 1992 17 0. 40 

Manganese 1987 3 1992 1.3 0.167 4.95 

Molybdenumc - - 1993 0.76 0.125 2.07 

Nickel 1988 0.245 1992.5 0.175 0.075 0.33 

Nitrated 1986 9.1 1992 4.04 0.135 11.9 

Seleniumc - - 1992.5 052 0.125 151 

Sulfa tee 1985 526 1992 166 0.165 620 

Vanadium 1986 0.20 1992 0.15 0.048 0.22 

Zinc 1986 7.2 1992 3.4 0.125 9.25 

• Background concentration of 16 mg!L was subtracted from observed concentrations. 
b Source function arranged as a step function with levels of 40 mg!L and 17 mg!L (see 

text below). 
c Decay rate is average rate for aluminum, arsenic, cadmium, manganese, vanadium, and 

zinc. 
d Background concentration of 0.96 was subtracted from observed concentrations. 
e Background concentration of 74 mg!L was subtracted from observed concentrations . 
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TABLE 4-3 

• Retardation Parameters 

Constituent Distribution Distribution Retardation 
Coefficient Range• Coefficient Mean Parameter 
(mVg) (mVg) 

Aluminum - - 1.8 

Arsenic - - 1 

Cadmium 1.3-27 1.9 11. 

Chloride - - 1 

Fluoride - - 1 

Manganese 0.2- 10,000 5.0 26 

Molybdenum 0.4-400 3. 4.2 

Nickel - - 1.8 

Nitrate - - 1 

Selenium 1.2- 8.6 1. 1 

• Sulfate - - 1 

Vanadium - - 1.8 

Zinc 0.1-8,000 2.8 1.8 

• Distribution coefficients (range and mean) were obtained from Dragun (1988) . 

• 
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TABLE 5-1 

Comparison Between Predicted and Observed Concentrations 

Constituent Model Output Test Well 54, Test Well 55, 
@ 5,000 ft May, 1993 May, 1993 
(mWl.) (mWl.) (mWl.) 

Aluminum 0.702 0.108 0.026 B 

Arsenic 0.006 0.001 u 0.001 u 
Cadmium 1.26 (0.062)8 0.005 u 0.005 u 
Chloride 78 152 64.4 

Fluoride 15.5 (3.6)b 5.5 0.20 

Manganese 1.96 0.028 0.02 

Molybdenum 1.32 0.104 0.008 u 
Nickel 0.188 0.026 u 0.026 u 
Nitrate 4.9 7.38 3.08 

Selenium 0538 0.635 0.138 J 
Sulfate 239 430 216 

Vanadium 0~149 0.009 u 0.009 u 
Zinc 3.88 0.05 0.041 u 

a Value in parentheses is prediction with otavite solubility control. b Value in parentheses 
is prediction with fluorite solubility 'control. U undetected, B questionable, J estimated 
value. 
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ff le: llledaa.c 

MONSANTO, PHASE II RI/FS 
913·1101.605 

This program solves a IDOdified form of the Domenico (1987) 
solution for transport in a u-1ffona flow field with a continuous 
source, Co, U"'der transient conditions. Advection, dispersion, 
and retardation processes are considered. 

PROGRAM INPUT 

The prosr• Is executed by typins mcdam at the dos prCII!f)t In the directory 
contalnlns the executable Image IIICdom.exe. The program prCII!f)ta the user for two 
files, one containins Input data and the other an output file for general progrM output. 
The 111'ut file R~St contain the information listed below exactly as ordered. 

Record t1 
IC, n, grad 

Record il2 
alpha l, alPha_t, R, co 

Recordd 
Dt, ft, Nits 

Record 14 
xa, ys, TZ, Narc 

Record 15 (Nsrc records) 
t, c 

Record t(4+11src) 
Nobs 

Record 16 (Nobs records) 
fn1, x1, y1, to1 

) Nobs records . 
fnll, xN, yN, toN 

Record t7 ''-" to 30 records) 
tc[OJ 
tc[1J 

. 
tc[29] 

where: 

IC 
n 
grad 

alpha_l 
alpha_t 
R 
co 

Dt 
ft 

Nits 

xa,ys 
Y2 
Narc 

t 
c 

Nobs 
fn1 
x1, y1 
to 

teO 

hydraulic conductivity CL/t) 
effective porosity CV/V) 
hydraulic gradient CL/L) 

longitudinal dlspersivlty CL) 
transverse dispersivity CL) 
retardation c-) 
background concentration (mass/volume) 

simulation time step size (t) 
time units conversion factor Cyr/t, e.g., yr/days or 1/365 • 0.0027) 
(output time • yo + ft • simulation time) 
number of time steps (Nits • Dt Is total simulation time) 
if Nits < 0, discrete times are read at end of input file into array teO 

continuous source location 
source half-width (L) 
ruar of source function segments 

start time of source function segment (yr) 
concentration of source function segment (mass/vohae) 

ruar of observation locations 
file name for output Ct vs C) at respective location Cup to 32 characters) 
observation location coordinates 
first time at which output will begin to be written (yr) 

array of calculation times (yr) 



Note: TiM data used internally by the progrMI is converted to afiiLilation time units (t). For 
example, t1 Ia converted to units of Ct) by the expression t1' • Ct1•yo)/ft. Likewise 
all ttmea specified in teD are converted to units of t by teD' • (tcO·yo)/ft, etc. It 
is up to the user to correctly choose the units of Ct) and values for yo, ft, r, tc[il, 
and t. Values for Dt and dt IILISt be specified in units of L/t. 

PROGRAM CXITPUT 

OUtput is written to two or more files. The first output file Is named by the user 
upon execution of the program. This file contains an echo of the Input file. Additional 
output files contain t vs. C time history data at observation locations. Each file Is named 
in the Input file-- field fn1 •• as described above. 

Golder Contact: Mark Cunnane 
*I 

linclude <stdio.h> 
linclude <stdlib.h> 
llnclude <math.h> 

#define PI 3.1415926 
~define MAXT 30 
fldeffne ITMAX 100 
~define EPS 3.E·07 

typedef Sti'UCt ( 
float x; 
float y; 
float to; 
float c; 
FILE *fp; 
char fn[32l ;> 
obs_t; 

typedef Sti'UCt ( 
float t; 
float c;> 
src_t; 

float erf(float); 
float gammp(float, float); 
float gser(float, float); 
float gcf(float, float); 
double sammln(float); 

void a.in() 
( 

!•·--·--·---------------------------------···--------------------------------· Declarations 

-------------------------------------------------------------------------------------------*' 
char f,..lnt32l, f_out [32]; 
int N1ts, Mobs, Narc, Nc, Nc echo; 
int i,j,k; -
float IC, n, grad, vel, vp; 
float alpha_l, alpha_t, R, co; 
float Dt, yo, ft, Y2; 
float xs, ys, ts, c; 
float tclMAXTl, t, x, y; 
float p1, p2, p3; 
obs t *Cobs; 
src-t *Csrc; 
FILE *fin, *fout, *fopen(); 

• 

• 

• 
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1*··--······--------------·-------------------------·---------------·-·-------Read Input 

-----------------------------------------------------------*' 
printf(•\nEnter the Input file name: •); 

scanf(•Xs•, f_ln); 
printfC•\nEnter the output file name: •); 

scanfc-xs•, f_out); 

fin • fopenCf ln,•ra); 
fout • fopencl_out,•.,..); 

fscanfCfln,"Xf If Sf•, &IC, &n, &grad); 
fscanfCftn,"Xf If If If•, &alpha_l, &alpha_t, &R, &co); 
fscanfCftn,"Sf If IdA, &Dt, &ft, &Ntts); 
fscanfCfln,•Xf If If Xd", &xa, &ys, &Y2, &Narc); 

Care • Carc_t *) calloc(Nsrc, afzeof(arc_t)); 
for(taO;f<Narc;i++) 

fscanf(fin,"Sf If•, &carc[f].t, &csrc[f].c); 

fscanfCfin,•Xd-, &Nobs); 

Cobs • Cobs_t *) callocCNobs, afzeofCobs_t)); /* allocate memory*/ 
forCI•O;i<Nobs;l++) 

fscanfCfin,axs If Xf Sf•, Cobs[ll.fn, &cobs[ll.x, &cobs[l].y, &Cobs[ll.to); 

forCI=O;I<Nobs;l++) 
Cobs[l].fp • fopenCCobs[l].fn,•vn>; 

ifCNtta c D) 
( 

I • 0; 
whileCifeofCfin)) 
( 

) 

fscanfCffn,DSf•, &tc[ll); 
I++; 

Nc • 1•1; 
Nc_echo • Nc; 

) 
else 
( 

Nc • Nits; 
Nc_echo • 0; 

> 
Yd = IC*grad; 
vp = IC*grad/n; 

medom.c 



Sept~r 21 . 1993 4 

J•-------------·-------------------------------------------------------------· Echo l,.,ut ________________________________________________________ ., 
fprintf(fout,•\nsuMMARY OF INPUT DATA FOR PROGRAM UBZPLUME\n9 ); 

fprfntf(fout,•Jnput file: Xs\n•, f_tn); 
fprintf(fout,•\nHydrologic Data:\n•); 
fprintf(fout,• Hydraulic Conductivity •••••••••••••• Sf\nA, K); 
fprintf(fout,• Hydraulic Gradient •••••••••••••••••• Sf\nA, grad); 
fprintf(fout,• Porosfty •••••••••••••••••••••••••••• Sf\nA, n); 
fprintf(fout,• Darcy Velocfty •••••••••••••••••••••• Sf\nA, ¥d); 
fprfntf(fout,• Seepate Velocfty •••••••••••••••••••• Sf\nA, ~); 
fprintf(fout,•\nTransport Data:\nA); 
fprintf(fout,• Longitudinal Dispersfvlty ••••••••••• Sf\nA, alpha_l); 
fprintf(fout,• Transverse Diaperaivity ••••••••••••• Sf\nA, alpha_t); 
fprintf(fout,• Retardation ••••••••••••••••••••••••• Sf\nA, R); 
fprintfCfout,• Transport velocfty •••••••••••••••••• Sf\nA, vp/R); 
fprintf(fout,•\nCalculation Data:\n•>; 
fprfntf(fout,• calculation time atep ••••••••••••••• Sf\ftA, Dt); 
fprfntf(fout,• No. of calculation steps •••••••••••• Xd\nA, Cint) maxCNits,O)); 
fprintfCfout,• No. discrete calculations ••••••••••• Xd\nn, Nc_echo); 
fprintfCfout,•\ntontinuous Source Data:\n"); 
fprintfCfout,• x-coordinate •••••••••••••••••••••••• Sf\nD, xs); 
fprintfCfout,• Y·coordfnate •••••••••••••••••••••••• Sf\nA, ys); 
fprintfCfout,• background concentration •••••••••••• Sf\nA, co); 
fprfntf(fout,• source half-wfdth ••••••••••••••••••• Sf\nA, Y2); 
fprintfCfout,•\nsource Tena Function:\nA); 
fprfntf(fout,•Segment No. Start Concentratfon\nD); 
for(iaO;i<Nsrc;i++) 

fprintfCfout,• ld Sf Sf\nD, f, Carc[f].t, Csrctil.c); 
fprintf(fout,•\nDbservation Locations:\nA); 
fprintf(fout,•Location No. X•coord Y•coord OUtput time\nD); 
for(i.O;f<Nobs;f++) 

fprintf(fout,• Xd Sf Sf Sf\nA, I, Cobstfl.x, Cobs[f].y, Cobs[i].to); 
fprfntf(fout,•\nEND OF FILE•); 

1*···-------------------------------------------------------------------------Calculations __________________________________________________________ ., 
vp /• R; 
yo • Csrc[O].t; 
t • D.; 
for(f=O;f<Nsrc;i++) 

Csrc[i].t • CCsrc[t].t-yo)/ft; 

mcdom.c 

• 

• 

• 



• 

• 

• 

September 21. 1993 5 

) 

for(i•O;i<Nc;i++) 
( 

ifCNits < 0) 
t • Ctc[i]·yo)/ft; 

else 
t += Dt; 

ts • Csrc [0] • t; 
C • Csrc(OJ .c; 
forCk•O;k<Nobs;k++) 
( 

x • Cobs[k].x • as; 
y • Cobs[k].y • ys; 
p1 • ex • ~Ct·ts))/(Z.*sqrt(alpha_l•vp-ct·ts))); 
p2 • (y + Y2)/CZ.•sqrtCalpha_t•x>>; 
p3 • (y • Y2)/(2.*sqrt(alpha_t•x)); 
Cobs[k].c • C/4.*(1.·erf(p1))*Cerf(p2)·erf(p3)); 

) 
for(j•1;j<Nsrc;J++) 
( 

ts • Csrc[Jl.t; 
C • Csrc[JJ.c•Csrc[j·1J.c; 
ff(t <• ts) continue; 
for(k•O;k<Nobs;k++) 
( 

) 

x • Cobstkl.x • xs; 
y • Cobs[k].y • ys; 
p1 • ex • vp*Ct·ts))/CZ.*sqrt(alpha_l*vp*(t·ts))); 
p2 • (y + Y2)/(2.*sqrt(alpha_t*x)); 
p3 • (y • Y2)/C2.*sqrtCalpha_t•x>>; 
Cobs[k].c +• C/4.*(1.•erf(p1))*(erf(p2)•erf(p3)); 

) I* loop for source function segments */ 

for(k•O;k<Nobs;k++) 
ff(yo+ft*t >• Cobs[k].to) 

fprfntf(Cobs[k] .fp,• Xf Xe\n•, yo+ft*t, co+Cobs[k] .c); 

) ,. tflle loop ., 

for(f•O;f<Nobs;f++) 
fclose(Cabs[fJ.fp); 

fclose(fin); 
fclose(fout); 

retum; 

mcsfOIII.C 
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I* Error Function··erf(X) 

Program algorithms are those provided in Numerical 
Recipes (1986) tn FORTRAN (page 160). The 
algorithms were translated to C fra11 FORTRAN. 
Program output was teated against values frail Table 7.1 
in Abromowltz end Steglll (Ninth Printing) for 5 values. 
Results were 100X eccurate to 4 decf1118l digits and 
approxflll8tely 60X accurate to 5 decf11111l digits. Where 
the program output deviated frCIII Table 7.1, differences 
were no greater than 1.0E·D5. 

M. Cwnsne June 15, 1990 */ 

float erf(float x> 
{ 

) 

float val; 

ffCx < O.D) 
val • •gaaap(0.5,pow(x,2)); 

else 
val • gammp(0.5,pow(x,2>>: 

return val; 

float ~(float a, float X) 
{ 

) 

float YIIL; 

ff(X < o. II 8 c 0.) 
{ 

) 

prfntfC•Error In function gammp(a,x)\ft8); 
exlt(O); 

ff(X < a+ 1.) 
val • 888rCa, x); 

elM 
val • 1. • gcf(a, x); 

retum val; 

float gser(float a, float x) 
{ 

) 

float ap, sum, del, gln, val; 
int I; 

ff(X < 0.) 
< 

) 

prfntfCRError In function gser(a, X)\n•); 
exft(O); 

f • 1; 
gln • (float) gammln(a); 
ap • a; 
Sllll • 1. I a: 
del • S\llli 
whfle(fabs(del) ,. fabs(sun) * EPS && i c ITMAX) 

< 

) 

f •• 1; 
ap- 1; 
del *• X I ap; 
SLII +• del; 

ff(i >• ITMAX) 
{ 

) 

prfntf(•Convergence error in function gser(a, X)\n•>; 
exft(D); 

val • sum * exp(·x + a * log(x) • gln); 
retum val; 

medom.c 
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float gcf(float a, float x) 
( 

float aO, a1, bO, b1, gln; 
float an, ana, anf, fac, g, gold, val; 
int f; 

gln = (float) gammln(a); 

f = 0; 
g • 1.; 
gold = 0.; 
aO = 1.; 
a1 • x; 
bO = 0.; 
b1 = 1.; 
fac • 1.; 
whfle(fabs((g - gold) I g) > EPS && f < ITMAX) 

( 

) 

f •• 1; 
gold • g; 
an • (float) f; 
ana • an • a; 
aO • (a1 + aO * ana) * fac; 
bO a (b1 + bO * ana) * fac; 
anf • an * fac; 
a1 • x * aO + anf * a1; 
b1 • x * bO + anf * b1; 
ff(a1 I• 0.) 

( 

) 

fac = 1. I a1; 
g = b1 * fac; 

ff(f >• ITMAX II f <= 1) 
( 

7 

prfntf( 11Convergence error fn fW'1Ctfon gcf(a, X)\n11 ); 

prfntf("X5d Iterations were completed\n", f); 
exft(O); 

) 

) 
val • exp(-x + a * log(x) • gln) * g; 
retum val; 

double gammln(float a) 
( 

) 

fnt f; 
double x, tmp, sec, val; 
static double cof[6l = (76.18009173, 

·86.50532033, 
24.01409822, 
·1.231739516, 

0.120858003E·02, 
-0.536382E-05>; 

static double stp = 2.50662827465; 

x • a - 1.; 
tq) • X + 5.5; 
tq) = <x + 0.5) * log(tmp) - tq); 
sec = 1.; 
for(f = 0; f <• 5; f++) 

( 
X +a 1.; 
sec •• cof[fl I x; 

) 
val • tmp + log(stp * sec); 
return val; 

mcdom.c 
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APPENDIX B 

LISTING OF FLOWP ATH GROUNDWATER MODEL INPUT 

• 

• 
Golder Associates 



• 

• 

• 

............................................................. 
* ECHOPRIIIT * 
* • 
* FLOVPATH • 
* version 3.0 • 
• • * FL~ATH was written by Thomas Franz and Nilson Gulguer • 
• • ............................................................. 
• • • Copyright 1989, 1990 • 
* by • • Waterloo Hydrogeologic Software • • 113·106 Seagram Drive • • Waterloo, Ontario • 
* N2L 388, Canada • • • • ph (519) 746·1798 • • • ............................................................. 

FL~ATH logbook for data set : REGIONAL 

Unit System : English &a'\fta [ft/gal/cD 

***** GRID PARAMETERS ***** 

llumber of x·grfd lfnea 24 

Number of y•grfd lines : 40 

Grid coordinates Cx·grfd lines) Eftl 

1 O.OOOOOE+OO 
2 2.60870E+03 
3 5.21739E+03 
4 7. 82609E+03 
5 1. 04348E+04 
6 1.30435£+04 
7 1.56522E+D4 
8 1.82609£+04 
9 2.08696E+04 

10 2.34783£+04 
11 2.60870E+04 
12 2.86957E+04 
13 3.13043E+04 
14 3.39130E+04 
15 3.65217E+04 
16 3.91304£+04 
17 4. 17391E+04 
18 4 .43478E+04 
19 4.69565E+04 
20 4.95652£+04 
21 5.21739£+04 
22 5.47826E+04 
23 5.73913£+04 
24 6.0DOOOE+04 

Grid coordinates (y•grid linea) [ftl 

1 
2 
3 
4 
5 
6 
7 

O.OOOODE+OO 
2.56410£+03 
5. 12821E+03 
7 .69231£+03 
1.02564E+04 
1.28205E+04 
1.53846E+04 



8 1.79487E+04 

• 9 2. 051 28C+04 
10 Z.30769E+04 , 2.56410E+04 
12 Z.82051E+04 
13 3.0769ZE+04 
14 3.33333E+04 
15 3.58974E+04 
16 3.84615E+04 
17 4.10256E+04 
18 4.35897E+04 
19 4.61538E+04 
20 4.87179E+04 
21 5. 1 Z821E+04 
2Z 5 .3846ZE+04 
23 5.64103E+04 
24 5.89744E+04 
25 6.15385E+04 
26 6.41026E+04 
27 6.66667E+04 
28 6.92308E+04 
29 7.17949E+04 
30 7.43590E+04 
31 7.69231E+04 
32 7. 9487ZE+04 
33 8.20513E+04 
34 8.46154E+04 
35 8.71795E+04 
36 8. 97436E+04 
37 9.23077E+04 
38 9.48718E+04 
39 9.74359E+04 
40 1.00000E+05 

***** WELL PARAMETERS - • Number of welts : 11 

No. J X y welt discharge 
tftl (ftl [gpdJ 

1 12 23 Z.87611E+04 5.64159E+04 ·Z.OOODOE+06 
2 11 23 Z.61D6ZE+04 5.64159E+04 ·Z.OOOOOE+06 
3 10 2Z Z.34513E+04 5.37611E+04 ·2.00000E+06 
4 10 21 2.34513E+04 5 .13274E+04 ·2.00000E+06 
5 9 20 Z.07965E+04 4.86n6E+04 ·Z.OOOOOE+06 
6 16 16 3.91593E+04 3.84956E+04 3.20000E+06 
7 14 13 3.38496!+04 3.075ZZE+04 ·3.33000E+06 
8 17 16 4. 1814ZE+04 3.84956E+04 3.200DOE+06 
9 17 17 4. 18142E+04 4.09292E+04 3.20000E+06 

10 16 17 3.91593E+04 4.09292E+04 3.20000E+06 
11 13 16 3. 11947E+04 3.84956E+04 ·2.00DOOE+06 

·- CONSTRAINED HEAD NODES --· 
Number of constant head nodes : 10 

No. J X y const. head 
(ftl (ftl [ftl 

1 14 38 3.38496E+04 9.49115E+04 6.13000E+03 
2 15 38 3.65044E+04 9.49115E+04 6.13DOOE+03 
3 11 36 2.6106ZE+04 8.98230E+04 6.1300DE+03 
4 12 37 2.87611E+04 9.22566E+04 6. 1300DE+03 
5 13 37 3.11947E+04 9.22566E+04 6.13DOOE+03 
6 16 37 3. 91593E+04 9.22566E+04 6. 13DDOE+03 
7 16 36 3.91593E+04 8.98230E+04 6.13DODE+03 • 8 7 11 1.57080E+04 2.56637E+04 5.71500E+03 
9 8 11 1.83628E+04 2.56637E+04 5. 715DDE+D3 

10 9 10 Z.07965E+04 Z.30088E+04 5.71500E+03 



• ··-· SPECIFIED FLUX NODES ***** 

Number of flux nodes : 52 

No. J X y nodal flow 
[ft] [ft] [ft"3/ft"2Jdl 

1 19 32 4.69027E+04 7.94248E+04 1.00000E+OO 
2 19 31 4o69027E+04 7o69912E+04 1o00000E+OO 
3 10 6 Zo34513E+04 1o28319E+04 ·SoOOOOOE+OO 
4 19 29 4.69027E+04 7o19027E+04 1oOOOOOE+OO 
5 12 4 2.87611E+04 7o74336E+03 ·loOOOOOE+OO 
6 18 28 4o42478E+04 6o92478E+04 1.0DDDOE+OO 
7 20 4 4.95575E+04 7o74336E+03 ·1oOOOOOE+OO 
8 19 4 4o69027E+04 7o74336E+03 •1oOOOOOE+OO 
9 18 3 4o42478E+04 So08850E+03 •1oODODOE+OO 

10 17 3 4o18142E+04 So08850E+03 ·2oOOODOE+OO 
11 16 3 3o91593E+04 5.08850E+03 •2o00000E+OO 
12 15 4 3o65044E+04 7.74336E+03 •2oOOODOE+OO 
13 14 4 3 o38496E+04 7 0 74336E+03 •3o00000E+OO 
14 13 4 3o11947E+04 7o74336E+03 •3oOOODOE+OD 
15 18 21 4o42478E+04 5 o13274E+04 2oOOODOE+OD 
16 10 7 2o34513E+04 1o54867E+04 ·6oOOODOE+OD 
17 17 20 4o18142E+04 4o86726E+04 2oDOODOE+OD 
18 17 19 4. 18142E+04 4o62389E+04 2oOOODDE+OO 
19 10 9 2o34513E+04 2o05752E+04 •8oODODOE+OD 
20 10 8 2o34513E+04 1. 79204E+04 •7oOOODOE+OO 
21 18 17 4o42478E+04 4o09292E+04 2oODDOOE+OO 
22 18 16 4o42478E+04 3o84956E+04 2o00000E+OO 
23 18 25 4o42478E+04 6o 15044E+04 1oDOODOE+OO 
24 19 15 4 .69027E+04 3o58407E+04 2oDOODOE+OO 
25 4 22 7.74336!+03 5o37611E+04 1oOOOOOE+OO 
26 19 13 4o69027E+04 3 0 07522E+04 2oODOOOE+OD 

• 27 19 23 4o69027E+04 5o64159E+04 1o00000E+OO 
28 20 12 4o95575E+04 2o80973E+04 2oOODDDE+OO 
29 20 11 4.95575E+04 2.56637E+04 2oDOOOOE+OO 
30 11 4 2.61062E+04 7. 74336E+03 ·3oOODDOE+OO 
31 18 27 4o42478E+04 6o65929E+04 1o OOOOOE+OO 
32 21 9 5o22124E+04 2 0 05752E+04 2oOODODE+DO 
33 19 24 4.69027E+04 5o90708E+04 1.DOODOE+OO 
34 22 8 5 o48673E+04 1. 79204E+04 2o00000E+OD 
35 22 7 5o48673E+04 1o54867E+04 ZoOOOOOE+OO 
36 5 21 1o03982E+04 5 o13274E+04 1oOOOOOE+OD 
37 7 14 1o57080E+04 3o34071E+04 1o00000E+OO 
38 7 15 1o57080E+04 3o58407E+04 1o00000E+OO 
39 7 16 , o57080E+04 3o84956E+04 1oODOOOE+OO 
40 10 5 Zo34513E+04 1o01770E+04 ·4oODOOOE+OO 
41 6 17 1o30531E+04 4o09292E+04 1o00000E+OO 
42 6 18 1o30531E+04 4o35841E+04 1o00000E+OO 
43 10 4 2o34513E+04 7o74336E+03 ·4oOOODDE+OO 
44 5 19 1o03982E+04 4o62389E+04 1oOOOOOE+OO 
45 5 20 1o03982E+04 4o86726E+04 1oOODDDE+OO 
46 19 22 4 o69027E+04 5 o37611E+04 1o00000E+OO 
47 18 26 4o42478E+04 6o41593E+04 1oODOOOE+OO 
48 19 30 4 0 69027E+04 7 o43363E+04 1oOOOOOE+OO 
49 17 18 4o 18142E+04 4o35841E+04 2o00000E+OO 
50 19 14 4 o69027E+04 3.34071E+04 2oOOOOOE+DO 
51 20 10 4o95575E+04 2o30088E+04 2o00000E+DD 
52 22 6 5o48673E+04 1o28319E+04 2oOOOOOE+DO 

--- SURFACE ~ATER BODIES ***** 

Number of surface water body nodes : 0 

• ***** AQUIFER PROPERTIES ••••• 

Number of different material properties : 2 



No. Kxx ICyy- Porosity 
[ft/dl [ft/dl [•] 

1 4.00000E+02 4.00000E+02 3.00000E·01 (default) 
2 4.00000E+01 4.00000E+01 3.00000E·01 

--- DISTRIBUTION DF AQUIFER MATERIAL PROPERTIES_.__.._ 

1 1 2 3 4 5 6 1 a 9 10 11 12 13 14 15 16 11 

--·········-·-··--------------------------------------------------------· 40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 , 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

* • • 
* • • 
* • • 
* • • 
* • * * • • 
• • * 
* • * 
* • * 
* • * • • • 
* • * 
* * * * • * 
* * • * • • 
* * * • • * 
* * * 
* * * 
* * * * • • 
* • • 
* * • * • • 
* * * * • • 
* * • * • • 
* * * * • • 
* • * 
* * * * * • 
* * * * * • 
* * • • * • 
* * • 
* * * 

* • * 
• * * 
* * * 
* * * • * * * • • 
• • • 
* * • • • • 
* * • • * 1 
* 1 , 
* 1 1 
1 1 , 
1 1 1 
1 , 1 
2 1 , 
2 1 , 
2 1 1 
* 2 2 
• 2 2 
• 2 2 
* * 2 • * 2 
* * • • * • 
• * • 
* • • 
* • • 
• * • 
• • • 
* * • • * • 
• * • 
• • • • * • 
• * • 
• * • 
* * • 
* * • 

e * * * * • • • • * 
• • • * * 
• • • * * 
• • * * 1 
• * * • 1 
• • • 1 1 
• * 1 1 1 
• 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 , 1 , 
1 1 1 1 1 
1 1 , 1 1 
, 1 , 1 1 
1 1 , 1 1 
, 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 , 1 1 
2 , 1 , 1 
2 1 1 1 1 
2 2 , 1 1 
2 2 2 2 1 
2 2 2 2 1 
2 2 2 2 1 
1 1 1 2 1 
1 1 1 1 1 
• * 1 1 1 
* * * 1 1 
* * • 1 1 
• * * 1 1 
• * * 1 1 
* * * 1 1 
* * * 1 1 
* * * * * 
* * * * * 
* * • • * 

• • • , , , 
1 
1 , 
1 , 
1 
1 , 
1 , 
1 
1 , 
1 
1 
1 
1 
1 
1 , , , 
1 , 
1 , , 
1 , , 
1 
• • • 

• • • 
1 , , , , , 
1 , 
1 
1 , 
1 
1 , 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 
1 
• • • 

• • • • , , 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 , 
, 1 
1 1 
, 1 
, 1 
, 1 
, 1 
1 1 
, 1 
1 1 
1 1 
2 2 
2 2 
2 2 
2 2 , , 
, 1 
1 1 
1 2 
1 2 
, 2 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
• • • • 
• • 

• * 
• * 
• • 
1 • 
1 * 
1 • 
1 , 
1 , 
1 , , , 
1 , 
1 , 
1 , 
, 1 
, 1 
, 1 
1 , 
1 , 
1 , 
1 , 
1 , 
1 , 
1 , 
1 , 
1 , 
1 , 
2 2 
2 2 
2 2 
2 2 
2 2 
1 2 
1 2 
1 2 
1 1 
1 , 
1 , 
, 1 
• • 
• • 

-------------------·-----------------------------------------------------

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

• * * * * 
• * * * * • * * • • 
* * • * * 
0 * * • • 
• * * • • 
0 * * * * 
* * * * * 
1 1 * * * 
1 1 • * * 
1 1 * * * 
1 1 * * * 
1 * * • • 
, * * • * , . . . . 
, * • • • 
, 1 • * • 

* • 
* • 
* * 
* * * • 
* * • * 
* * * • 
* * * • 
* * • * 
• * 
• • 
• * 
* • 

• 

• 

• 



• 

• 

• 

23 , • • • • .... 
22 1 • • • • • 
21 1 • • • • • • 
20 • • • • • • • 
19 • • • • • • • 
18 • • • • • • • 
17 1 • • • • • • 
16 1 • • • • • • 
15 2 2 • • • • • 
14 2 2 • • • • • 
13 2 2 • • • • • 
12 2 2 2 • • • • 
11 2 2 2 • • • • 
10 2 2 2 • • • • 
9 2 2 2 2 • • • 
8 2 2 2 2 2 • • 
7 22222** 
6 2 2 2 2 2 • • 
5 1 1 2 2 • • • 
4 1 , 1 • • • • 
3 1 • • • • • • 
2 • • • • • • • 
1 • • • • • • • 

1 18 19 20 21 22 23 24 

..... AQUIFER TYPE ..... 

Conftned aqutfer, non·leaky 

..... AQUIFER THICKNESS •-

Number of different aquifer thicknesses 1 

No. aquifer thickness 
[ft) 

3.00000E+01 (default) 

********** DISTRIBUTION OF AQUIFER THICKNESS ***-*** 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
·······-------------------------------------------·--------------------·· 40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 

* * • * • • * 
* • • • • • • 
* • • • * • • 
• • * * * • * * • • • • • • 
* • • * • * * 
• • • * * * • 
• • • * * • * * • • • • • • 
• • • • * • 1 
• • • • • , 1 
• • • • 1 1 1 
* • • * 1 , , 
• • • , 1 1 1 
• • • 1 1 , 1 
• • • 1 1 1 , 
• • • 1 , 1 1 
• • • , , 1 1 
• • • 1 , 1 1 
• • • • 1 1 1 
* • • • , 1 1 
• • • • , 1 1 
* • • • • 1 1 

• * 
• • 
* • 
• • 
• * 
• • 
* * * , 
1 1 
1 , , , , , , , 
, 1 , , 
1 , 
, 1 , , 
1 , 
1 1 
1 1 
, 1 
1 1 

* * • • • • 
• • * , 
• 1 
1 , 
1 1 
, 1 
1 1 
1 1 
1 , , , 
1 1 
, 1 
, 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 , 
1 1 

* * • • 
* * 
1 1 
, 1 
, 1 
1 1 
1 , 
1 1 
, 1 
1 1 
1 , 
1 , 
1- , , , 
1 1 
1 , 
1 , 
1 , , , 
1 1 
, 1 
1 , 

* 
* 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 , , 
1 

* 
* 
1 
1 
1 
1 
1 
1 
1 
1 , , , , , 
1 , 
1 
1 
1 
1 
1 
1 

* • 
* * • • 
1 * 
1 * 
1 * 
, 1 
1 1 
1 , 
1 , 
1 , , , , , 
1 1 
1 , , , 
1 1 
1 , 
1 , 
1 1 
1 1 
, 1 
1 , 



17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

• • • • • • 
• • • • • • • • • • • 

• 
• • • 
• 
• 
• • • • 
• • 
• • • • • 

• • . , 
• • • • • • • • 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • • • • • • • • • 

t 1 
1 1 
1 , 
1 , 
1 , , , , , 
• • • • • • • • • • • • • • • • • • • • 

1 , 
1 
1 , 
1 
1 
1 
• • 
• • 
• • • • • 

1 , 
1 
1 
1 
1 
1 
1 , 
1 , , , 
1 
• • • 

1 
1 , 
1 , 
1 , 
1 
1 
1 , 
1 
1 
1 
• • • 

1 
1 
1 
1 , 
1 
1 
1 
1 
1 , 
1 
1 
1 
• • • 

1 
1 
1 
1 , 
1 
1 
1 
1 
1 
1 
1 
1 
1 
• • • 

1 , 
1 , , 
1 , 
1 
1 
1 , 
1 
1 
1 
• • • 

, 
1 , , , , , 
1 , , , 
1 
1 , 
• • • 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
• • 

1 
1 
1 
1 , , , 
1 , 
1 
1 , 
1 
1 
1 
• • 

1 1 2 3 4 5 6 1 a 9 10 11 12 13 14 15 16 11 

1 1a 19 20 21 22 23 24 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

• • • • 0 

• • • • • 
• • • • 0 

• • • • • • • • • • • • • • • • • • • • 
* * • * * 
1 1 • * * 
, 1 • • * 
1 1 • * * 
1 1 • • * 
1 * * * * 
1 * * * * 
1 * • • * 
1 * • • * 
1 , * • * 
1 , * • * 
1 1 • • * 
1 • * * * 
* * * * * • • • • • 
* * * * * 
1 * * • • 
1 * • • * , , * • • 
, 1 • • * 
, , • * * 
, 1 1 • * 
1 1 1 • * 
, 1 1 • * 
1 1 1 , • 
1 1 1 1 1 
1 1 1 , 1 
1 1 1 1 1 
1 1 1 , * 
1 1 1 • • 
1 * • • • 
* * * • • 
* * • • • 

* * 
* * • * 
* * • * 
* • 
* * * • 
* * * • 
• • 
* * • * 
• * 
* • 
* * 
* * • * 
* * • * 
• * 
• * 
* * * • 
* • 
* • 
* * • * 
* * • * 
* * • * 
• • 
* * • * 
* * 
* * • • 
* * 
* * 

---------------------------------1 18 19 20 21 22 23 24 

***** AREAL RECHARGE ***** 

Number of different infiltration/evapotranspiration rates : 0 

No. infiltration evapotranspiration effective recharge 
[L/Tl [L/Tl [L/Tl 

• 

• 

• 



• 

• 

• 

O.OOOOOE+OO 0.00000~00 O.OOOOOE+OO (default) 

**•••••••• DISTRIBUTION OF AREAL IN/CUT•FLUXES ********** 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
-·················--·-····-------····-······················-------------
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 , 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

* * • * * * * 
• • • • • • • • • • * * • • 
• * * • * • • 
• * • * * * * 
* • • * * • * * • • • • • • 
• • • • * • * 
• • • • • • • . . . . . . , 
• • • • • 1 , 
• • • • 1 , , 
• * • • 1 , , 
• • • 1 1 1 , 
• • • 1 1 1 1 
• • • , 1 1 1 
• • * , , , , 
• • • 1 1 , 1 
* * • 1 , , , 
* * • * 1 1 1 • * * • 1 , , 
• * • • 1 1 1 
• * • • • , 1 
• * • • • , 1 
• • • * * • 1 
• * • • • • 1 
• * * • • • , 
• • * * • • 1 
• • • • * • 1 
• • • • • • 1 
• • • • • • • • • • * • • * 
• • • * * • • 
* * • • * • * * • • • • * • 
• * • * * • • 
* • • * • • • 
• • • * * * • 
* • • • * • * 
* • • * * • • 

• • 
• * 
• • • • • • 
• * 
• • * , 
1 , 
1 , 
1 , 
1 , 
, 1 
1 , 
1 , 
1 , , , 
1 , , , , , , , 
1 1 
1 1 
1 1 
1 1 
1 1 
1 , 
1 , 
1 , 
1 1 
* 1 • • 
* • 
* • 
* • 
* • 
• • 
* • 
* • 
* • 

* * • 
* * • 
* * • 
* * 1 
* 1 1 
* 1 , 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
, 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 , 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 , 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
, , 1 
, 1 , 
1 1 1 
• • * 
* * * • • • 

• 
* 
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1 , 
1 
1 , 
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1 
1 
1 
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1 
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1 
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• 
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* 
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1 
1 
1 
1 
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1 
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1 , , , , 
1 , , 
1 , , 
1 
1 
1 
1 
1 , 
1 , , 
1 , , 
• 
* • 

* • 
1 
1 
1 , 
1 
1 
1 
1 
1 
1 
1 , , , , , , , , , 
1 , 
1 , , 
1 , 
1 , 
1 , , , , 
1 
• 
• 
* 

* 
* 
* 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
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1 
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1 
1 , 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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* 
* 
* 
* 
* 
* 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 , 
1 , 
1 
1 
1 
1 , , , , 
1 
1 , , , , , 
1 
1 , , 
* • 

------········-----------------------------------------------------------

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 

1 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 11 

1 18 19 20 21 22 23 24 

• • * • • * • 
• • 0 * • • • 
• * * • • * * • • • • • • * 
* * • • • * * 
* * * * • * • 
* * * * * * * • * * • • * • 
1 1 • • • • * 
1 1 • * * * • 
1 1 • • • • * 
1 1 • • * • * 
1 • • • • • • 
1 * • • • • * 
1 • • • • • * 
1 • • • • • * 
1 1 • * • • • 
1 1 * • • • * 
1 1 * * * • * 
1 • * * • * • 
* • * • • • * 
* • * * • • * 
* • • * • * • 

------ ---------------------



17 , • • • • • .. 
16 1 • • • • • • 
15 1 , • • • • • 
14 1 1 • • • • • 
13 1 , • • • • • 
12 1 , 1 • • • • , 1 , 1 • • • • 
10 1 , , • • • • 
9 , , , , • • • 
8 1 , , , 1 • • 
7 1 , , , 1 • • 
6 1 1 , , 1 • • 
5 , , 1 , • • • 
4 1 1 , • • • • 
3 1 • • • • • • 
2 • • • • • • • 
1 • • • • • • • 

------·-·····················-··· 
I 18 19 20 21 22 23 24 

***** PATHLINE & PARTICLE TRACICING DATA --* 

Number of forward particles : 11 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 , 

x•release 

2.87611£+04 
3.11947E+04 
3.38496E+04 
3 .38496!+04 
3. 11947!+04 
2.8761 1E+04 
2.87611£+04 
3.11947E+04 
3. 11947!+04 
2.87611£+04 
3.38496£+04 

y·release 

4. 09292E+04 
4.09292£+04 
4.09292£+04 
3.84956!+04 
3.84956E+04 
3.84956!+04 
3 .58407!+04 
3.58407E+04 
3.34071E+04 
3.34071E+04 
3.58407E+04 

Number of reverse particles : 0 

Particles released at wells : 

"'ell·No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Particles released 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

************ HYDRAULIC HEAD DISTRIBUTION ************ 

1 2 3 4 5 6 
-------------------------------------------------------··--------------40 • • • • * 39 • • • • * 38 • * * • • 
37 • * * * * 36 • * • • • 
35 • * • * • 

• 

• 

• 
* 
* • * • 
• 



34 • • - • • • • 

• 33 • • • • • • 
32 • • * • * * 
31 • • * * * * 
30 • * * * * 6.0062E+03 
29 • • • • 5.9974E+03 6.0012E+03 
28 • • * • 5.9939E+03 5.9959!+03 
27 • • • 5.9857E+03 5.9883E+03 5.9900E+03 
26 • • • 5.9833E+03 5.9836E+03 5.9840E+03 
25 • • • 5.9806E+03 5.9787E+03 5.9778E+03 
24 • • • 5.9756!+03 5.9728E+03 5.9713E+03 
23 • • • 5.9714E+03 5.9679!+03 5.9653E+03 
22 • • • 5.9734E+03 5.9648E+03 5.9606E+03 
21 • • • * 5.9619E+03 5.9522E+D3 
20 • • * • 5.9575E+03 5.9442E+D3 
19 • • • • 5.9575E+03 5.9399E+03 
18 • • • • • 5.9359E+03 
17 • • • • • 5.9344E+03 
16 • • • • • • 
15 • • • • • * 14 • • • • • • 
13 • • • • • * 12 • • * • • • 
11 • * • • • • 
10 * • • * * • 
9 • * • • * * 8 * • • * • * 7 * • * • • • 
6 • • • * * • 
5 • * • * • • 
4 • • • * * • 
3 • • • • • • 
2 • • • • • • 
1 • • * • • * 

-------------------·········-···-·········-----------------------------, 2 3 4 5 6 

• 7 8 9 10 11 12. 
-----------------------------------------------------------------------40 • • • * • • 
39 • • • • • • 
38 * • • • • • 
37 • * * * * 6.1300E+D3 
36 * * • • 6.1300E+03 6.1203E+03 
35 * * * • 6.1053E+03 6.1038E+03 
34 * * * 6.0696!+03 6.0819E+03 6.0864E+03 
33 • * 6.0483E+03 6.0577E+03 6.0661E+03 6.0714E+03 
32 * 6.0316!+03 6.0393E+03 6.0468E+03 6.0534E+03 6.0583E+03 
31 6.0176E+03 6.0241E+03 6.0305E+03 6.0366E+03 6.0422E+03 6.0468E+D3 
30 6.0114E+03 6.0167E+03 6.0219E+03 6.0271E+Ol 6.0319E+03 6.0362E+03 
29 6.0051E+D3 6.0092E+D3 6.0135E+03 6.0179E+D3 6.0221E+03 6.0262E+03 
28 5.9986E+03 6.0017E+03 6.0051E+Ol 6.0087E+03 6.0126!+03 6.0166E+03 
27 5.9918E+D3 5.9938E+03 5.9963E+Ol 5.9993E+03 6.0D28E+03 6.0070E+03 
26 5.9846E+Dl 5.9856E+03 5.9871E+Dl 5.9893E+Ol 5.9926!+03 5.9970E+03 
25 5.9772E+Dl 5.9769E+Dl 5.9772E+Dl 5.9784E+D3 5.9812E+03 5.9862E+03 
24 5.9694E+Dl 5.9676E+03 5.9663E+Dl 5.9660E+Dl 5.9676E+03 5.9737E+03 
23 5.9615E+Dl 5.9579E+Dl 5.9546E+Dl 5.9516!+03 5.9498E+03 5.9577E+03 
22 5.9532E+Dl 5.9480E+03 5.9427E+03 5.9359E+Dl 5.9446E+03 5.9551E+03 
21 5.9426E+Dl 5.9382E+Dl 5.9323E+Dl 5.9271E+Dl 5.9377E+03 5.9486E+Dl 
20 5.9347E+Dl 5.9297E+03 5.9212E+03 5.9249E+03 5.9305E+03 5.9363E+03 
19 5.9301E+Dl 5.9245E+03 5.9204E+Dl 5.9207E+Dl 5.9231E+03 5.9263E+03 
18 5.9245E+Dl 5.9178E+03 5.9155E+Dl 5.9146!+03 5.9149E+03 5.9166E+03 
17 5.9152E+D3 5.9123E+03 5.9090E+03 5.9072E+03 5.9055E+03 5.9060E+03 
16 5.8926E+Dl 5.8960E+Dl 5.9013E+Dl 5.8996!+03 5.8941E+03 5.8943E+03 
15 5.8582E+03 5.8606E+D3 5.8728E+Ol 5.8782E+03 5.ame•03 5.8806E+03 
14 5.8131E+03 5.8157!+03 5.827SE+03 5.8459E+D3 5.8570E+03 5.8617E+03 
13 5.7572E+D3 5.7617!+03 5.7759E+03 5.8121E+03· 5.8342E+D3 5.8395E+03 
12 5.7240E+Dl 5.7270E+Dl 5.7359E+03 5.7743E+03 5.8101E+03 5.8183E+03 
11 5.7150E+03 5.7150E+03 5.7304E+03 5.7560E+03 5.7845E+03 5.7992E+03 
10 • * 5.7150E+Dl 5.7500E+03 5.7723E+03 5.7862E+03 
9 • * * 5.7562E+Ol 5.7682E+03 5.7784E+D3 
8 * * * 5.7577E+03 5.7656E+03 5.7733E+03 

• 7 * * • 5.7574E+03 5.7634E+03 5.7695E+03 
6 • • • 5.7563E+03 5.7612E+03 5.7663E+Dl 
5 • • • 5.754SE+D3 5.7589E+03 5.7635E+D3 
4 • • • 5.7520E+D3 5.7564E+03 5.7608E+03 



~ I * * - * * * * 
* * * * * • • * * • * * • 

················-------------------------------------------------------7 8 9 10 11 12 

13 14 15 16 17 18 
---------------------------------------------····-··················---40 * * • * • • 
39 * * • • * • 
38 * 6. 1300!+03 6. 1300E+03 * • * 
37 6. 1300E+03 6. 1257E+03 6.1263!+03 6.1300!+03 • • 
36 6.1175!+03 6.1166!+03 6.1195E+03 6. 130DE+03 * * 
35 6.1D34E+03 6.1037E+03 6.1053!+03 6. 108DE+03 • • 
34 6.0885E+03 6.0897E+03 6.0901E+03 6.0887E+03 6.0807E+03 • 
33 6.0745E+03 6.0762!+03 6.0768E+03 6.0758E+03 6.0729!+03 • 
32 6.0618E+03 6.0640!+03 6.0650E+03 6.0646!+03 6.0624!+03 6.0574!+03 
31 6.0503!+03 6.0529!+03 6.0545!+03 6.0551£+03 6.0546E+03 6.0535£+03 
30 6.0398E+03 6.0428E+03 6.0450E+03 6.0465!+03 6.0475E+03 6.0485!+03 
29 6.030DE+03 6.D334E+03 6.0362!+03 6.0385E+03 6.0405!+03 6.0428!+03 
28 6.0206E+03 6.0244E+03 6.0278!+03 6.0307E+03 6.0331E+03 6.0350!+03 
27 6.0114!+03 6.D159E+03 6.0200E+03 6.0235E+03 6.0263E+03 6.0282E+03 
26 6.0022E+03 6.0077E+03 6.0127E+03 6.0169!+03 6.0202£+03 6.0223E+03 
25 5.9929!+03 5.9998E+03 6.0061!+03 6.0114!+03 6.D153E+03 6.0177E+03 
24 5.9834E+03 5.9926!+03 · 6.0D06E+03 6.0071E+03 6.D117E+03 6.0146E+D3 
23 5.9744E+03 5.9867E+03 5.9966!+03 6.0045!+03 6.0099!+03 6.0132£+03 
22 5.9695!+03 5.9829!+03 5.9946!+03 6.0042!+03 6.0102£+03 6.0134E+03 
21 5.9657E+03 5.9809!+03 5.9946!+03 6.0073E+03 6.0133!+03 6.0151!+03 
20 5.9543!+03 5.9777E+03 6.0006!+03 6.0168E+03 6.0204E+03 • 
19 5.9427E+03 5.9722!+03 6.0052£+03 6.0258E+03 6.0293E+03 • 
18 5.9312£+03 5.9634E+03 6.0054E+03 6.0350E+03 6.0398!+03 • 
17 5.9142E+03 5.9450E+03 5.9941E+03 6.0447E+03 6.0534!+03 6.0512£+03 
16 5.8964E+03 5.9253E+03 5.9652£+03 6.0199!+03 6.0424E+03 6.0457E+03 
15 5.8893E+03 5.9110E+03 5.9456E+03 5.9913E+03 6.0149E+03 6.0235E+D3 
14 5.8697E+D3 5.8843!+03 5.9153!+03 5.9508E+03 5.9807E+03 5.9911!+03 
13 5.8438!+03 5.8417E+03 5.8788E+03 5.9109!+03 5.9375E+03 5.9562!+03 
12 5.8242E+03 5.8270E+03 5.8465!+03 5.8761!+03 5.9020E+03 5.9232£+03 
11 5.8075E+03 5.8117E+03 5.8198!+03 5.8451E+03 5.8709!+03 5.8939£+03 • 10 5.7947E+03 5.7991E+03 5.7993!+03 5.8138E+03 5.8424E+03 5.8676E+03 
9 5.7858!+03 5.7906!+03 5.7932£+03 5.7953E+03 5.8171E+03 5.8447!+03 
8 5.7796!+03 5.7843E+03 5.7876E+03 5.7901E+03 5.8036!+03 5.8264E+03 
7 5.n49E+03 5.7793E+03 5.7826!+03 5.7851E+03 5.7918!+03 5.8094E+03 
6 5.n11E+03 5.7752£+03 5.n86E+03 5.7811E+03 5.7825E+03 5.7914!+03 
5 5.7679E+03 s.moe+o3 5.7755E+03 5.7783!+03 5.7806!+03 5.7831!+03 
4 5.7651!+03 5.7692£+03 5.moe•03 5.n61E+03 5.na4E+03 5.7808!+03 
3 * * • 5.n44E+03 5.n63e+03 s.nne+03 
2 * * • * • • 
1 * * • * • • 

-----------------------------------------------------------------------13 14 15 16 17 18 

19 20 21 22 23 24 
-----------------------------------------------------------------------40 * * • * * • 
39 * * * * * • 
38 * * • * * • 
37 * * * * • • 
36 * * * * * • 
35 * * * * * * 34 * * • * * * 
33 • * * * • • 
32 6.0563!+03 * * * • * 31 6.0536!+03 * • * • • 
30 6.0501E+03 • • * • • 
29 6.0474E+03 * • • • • 
28 • • • * • • 
27 • • • • • • 
26 • * • • • • 
25 • * • • • • 
24 6.0156!+03 * • • • • 
23 6.0149!+03 * • * • * 22 6.0150E+03 * • * * • 
21 • • * • • • 
20 * * * • • • • 19 * * * * * • 
18 • * * • • • 



. . 

17 * * * • * * 

• 16 * * * • * * 15 6.0308E+03 * • • * • 
14 6.0040£+03 • * • • * 13 5.9728E+D3 * * * * • 
12 5.9408E+D3 5.9531E+D3 * • • • 
11 5.9138E+D3 5.9310E+D3 * * • • 
10 5.8894E+D3 5.9087£+03 • • • * 9 5.8675£+03 5.8881E+D3 5.9069E+D3 * * • 
8 5.8478E+D3 5.8692E+D3 5.8910E+D3 5.9133E+03 * * 7 5.8279E+D3 5.850DE+D3 5.8748E+D3 5.90D8E+03 • * 6 5.8047E+D3 5.8282E+D3 5.8573E+03 5.8967£+03 * • 
5 5.7865E+D3 5.8011£+03 5.8297£+03 • • • 
4 5.7838E+D3 5.7851E+D3 * • • • 
3 * * * * * • 
2 * * • • • • 
1 • * * * • * 

----··-·············-·····-····-···-----------·------------------·-·--· 19 20 21 22 23 24 

............ End of logbook • ••••••••••• 

• 

• 



• 
APPENDIXC 

LISTING OF SOURCE CONCENTRATIONS 

• 

• 
Golder Associates 



• • 
SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS 

Year Aluminum Arsenic Cadmium Cadmium Chloride Fluoride Manganese Molybdenum 
w/otavlte 

1964 3.11 0.018 1.41 0.07 364 40 4.95 2.07 
1984 1.971 0.014 1.053 0.052 230.708 17.000 3.544 1.612 
1988 0.792 0.008 0.587 0.029 92.680 17.000 1.817 0.978 
1992 0.318 0.005 0.327 0.016 37.231 17.000 0.932 0.593 
1996 0.128 0.003 0.183 0.009 14.957 17.000 0.478 0.360 
2000 0.051 0.002 0.102 0.005 6.008 17.000 0.245 0.218 
2004 0.021 0.001 0.057 0.003 2.414 17.000 0.126 0.132 
2008 0.008 0.001 0.032 0.002 0.970 17.000 0.064 0.080 
2012 0.003 0.000 0.018 0.001 0.390 17.000 0.033 0.049 
2016 0.001 0.000 0.010 0.000 0.156 17.000 0.017 0.030 
2020 0.001 0.000 0.005 0.000 0.063 17.000 0.009 0.018 
2024 0.000 0.000 0.003 0.000 0.025 17.000 0.004 0.011 
2028 0.000 0.000 0.002 0.000 0.010 17.000 0.002 0.007 
2032 0.000 0.000 0.001 0.000 0.004 17.000 0.001 0.004 
2036 0.000 0.000 0.001 0.000 0.002 17.000 0.001 0.002 
2040 0.000 0.000 0.000 0.000 0.001 17.000 0.000 0.001 
2044 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.001 
2048 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.001 
2052 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2056 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2060 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2064 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2068 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2072 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2076 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2080 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 

MONSANTO 913-1101.605 



SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS 

Year Aluminum Arsenic Cadmium Cadmium Chloride Fluoride Manganese Molybdenum 
w/otavlte 

2084 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2088 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2092 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2096 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2100 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2104 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2108 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 
2112 0.000 0.000 0.000 0.000 0.000 17.000 0.000 0.000 

MONSANTO 913-1101.605 

• • • 



• • 
SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS 

Year Nickel Nitrate Selenium Sulfate Vanadium Zinc 

1964 0.33 11.9 1.51 620 0.22 9.25 
1984 0.284 9.084 1.176 445.733 0.200 7.204 
1988 0.210 5.294 0.713 230.378 0.165 4.369 
1992 0.156 3.085 0.433 119.071 0.136 2.650 
1996 0.115 1.798 0.262 61.542 0.112 1.607 
2000 0.086 1.048 0.159 31.808 0.093 0.975 
2004 0.063 0.611 0.097 16.440 0.077 0.591 
2008 0.047 0.356 0.059 8.497 0.063 0.359 
2012 0.035 0.207 0.036 4.392 0.052 0.218 
2016 0.026 0.121 0.022 2.270 0.043 0.132 
2020 0.019 0.070 0.013 1.173 0.036 0.080 
2024 0.014 0.041 0.008 0.606 0.029 0.049 
2028 0.010 0.024 0.005 0.313 0.024 0.029 
2032 0.008 0.014 0.003 0.162 0.020 0.018 
2036 0.006 0.008 0.002 0.084 0.016 0.011 
2040 0.004 0.005 0.001 0.043 0.014 0.007 
2044 0.003 0.003 0.001 0.022 0.011 0.004 
2048 0.002 0.002 0.000 0.012 0.009 0.002 
2052 0.002 0.001 0.000 0.006 0.008 0.001 
2056 0.001 0.001 0.000 0.003 0.006 0.001 
2060 0.001 0.000 0.000 0.002 0.005 0.001 
2064 0.001 0.000 0.000 0.001 0.004 0.000 
2068 0.001 0.000 0.000 0.000 0.004 0.000 
2072 0.000 0.000 0.000 0.000 0.003 0.000 
2076 0.000 0.000 0.000 0.000 0.002 0.000 
2080 0.000 0.000 0.000 0.000 0.002 0.000 

MONSANTO 913-1101.605 



SOURCE CONCENTRATIONS (mg/L) FOR THE OLD UNDERFLOW SOLIDS PONDS 

Year Nickel Nitrate Selenium Sulfate Vanadium Zinc 

2084 0.000 0.000 0.000 0.000 0.002 0.000 
2088 0.000 0.000 0.000 0.000 0.001 0.000 
2092 0.000 0.000 0.000 0.000 0.001 0.000 
2096 0.000 0.000 0.000 0.000 0.001 0.000 
2100 0.000 0.000 0.000 0.000 0.001 0.000 
2104 0.000 o.ooo 0.000 0.000 0.001 0.000 
2108 0.000 0.000 0.000 0.000 0.001 0.000 
2112 0.000 0.000 0.000 0.000 0.000 0.000 

MONSANTO 913-1101.605 

• • • 



• 
APPENDIXD 

LISTING OF TRANSPORT MODEL INPUT 

• 

• 
Golder Associates 



Files listed below are contained on diskette as named. (MONSANTO 913•1101.605) 

• ALUMINUM NITRATE 

ffle: alO.fn ffle: nO. In 

400. 0.3 0.0075 400. 0.3 0.0075 
230 3. 1.8 o. 230 3. 1. 0.96 
730. 0,00274 30 730. 0.00274 50 
0 0 300. 11 0 0 300. 21 
1964. 3.11 1964 11.9 
1984. 1.971 1984 9.084 
1988. 0.792 1988 5.294 
1992. 0.318 1992 3.085 
1996. 0.128 1996 1. 7'98 
2000. 0.051 2000 1.048 
2004. 0.021 2004 0.611 
2008. 0.008 2008 0.356 
2012. 0.003 2012 0.207 
2016. 0.001 2016 D. 121 
2020. 0.001 2020 0.070 
1 2024 0.041 
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L INTRODUCTION 

This memorandum addresses one component of an ongoing remedial investigation (RI) 
and feasibility study (FS) related to the Monsanto Company elemental phosphorous plant 
in Soda Springs, Idaho (Figure 1). Information presented in this memorandum 
characterizes groundwater quality in relation to activities at the Monsanto plant and is 
based on data collected through May, 1993. Information presented in this memorandum 
will be integrated into the Phase ll RI report. This report will in tum be presented to the 
United States Environmental Protection Agency {EPA) at a later date. 

Documentation of earlier investigations for the elemental phosphorous plant exists in 
several reports. The Preliminary Site Characterization Summary Report (PSCSR), 
consisting of a summary of Phase I RI activities, was submitted to EPA for review in 
April, 1992 (Golder, 1992a). The Remedial Alternatives Development and Preliminaty 
Screening of Candidate Technologies Memorandum (RADIPSCTM), consisting of a 
summaty of the Phase I FS, was submitted to EPA in June, 1992 (Golder, 1992b). A Phase 
n RI work plan (Golder, 1992c) was subsequently developed based on the PSCSR, and 
the data needs identified in the RADIPSCTM The Phase n RI scope of work, detailed in 
the work plan was approved by EPA in January, 1993. 

Following approval of the Phase ll RI work plan, field investigations and technical 
analyses were completed and subsequently documented in several memorandums. These 
memorandums present results of a geophysical survey (Golder, 1992d), of analyses of 
geochemistry and hydrology of source areas and the vadose zone (Golder, 1993a), of 
hydrogeological investigations (Golder, 1993b), of surficial soil and stream sediment 
investigations (Golder, 1993c), and of groundwater flow and solute transport modeling 
(Golder, 1993d) • 
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2. BACKGROUND INFORMATION 

2.1 Description of Source Areas 

Eight source areas shown on Figure 2 are under investigation for their potential to 
release constituents to groundwater. Earlier work (Golder, 1993a) presents specific details 
about each of these source areas including calculations of the present day recharge to 
groundwater occurring through the source areas. 

Of the eight sources, the northwest pond, the hydroclarifier, and the old underflow 
solids ponds were found to be areas where at one time constituents were released to 
groundwater. Upon Monsanto's awareness of these conditions, plant practices were 
changed and the source areas were remediated. In 1988 soils were excavated from the 
northwest pond and a bentonite liner was installed. The hydroclarifier, which at one 
time leaked water to the subsurface, was completely replaced in 1985 with a modem 
facility including leak detection equipment. Leakage has not been observed from the 
new hydroclarifier. The old underflow solids ponds, used to dewater a slurry of 
underflow solids, were taken out of use in 1983 and capped with molten slag and 
bentonite in 1988. 

The southwest comer of the Monsanto plant also appears to be an area where releases to 
groundwater have occurred and may be occurring at present. This area contains three 
active ponds; two sewage evaporation ponds and a settling pond for non-contact cooling 
water. The sewage ponds intentionally drain to the subsurface and the settling pond 
discharges to Soda Creek via the effluent ditch and pipeline. The sewage ponds are in 
the process of being taken out of use, as the Plant connects to the Oty of Soda Springs 
collection system. There is also a closed dewatering pond in the southwest part of the 
Monsanto plant This pond at one time was used to dewater a coke and quartzite dust 
slurry. It was replaced by a filter press in 1987 and now is partially filled by slag and 
partially filled by soiL 

The underflow solids piles located in the northern part of the Monsanto plant do not 
appear to be sources of constituents to groundwater. Little if any natural recharge is able 
to pass through the piles which are recycled back into the phosphorous refining process. 
Thus, no mechanism exists to transport constituents from the piles to groundwater. 

2.2 Groundwater Sampling and Analysis 

A large list of groundwater sampling locations and constituents is evaluated each spring 
and fall in regard to the Monsanto RJ/FS. Sampling locations include over 50 monitoring 
wells, about 15 springs, 4 production wells, and a limited number of other private wells. 
Several of the sampling locations are within the Kerr-McGee plant and are sampled and 
analyzed by Kerr-McGee (Figure 1). The sampling locations are shown on Figures 2 
and 3. 
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The constituents of interest at the Monsanto plant include general water quality 
parameters, metals, and a few radiological parameters. Table 1 contains a list of the 
analytes evaluated in samples collected in May, 1993. The list of analytes was developed 
iteratively based on earlier sampling and analysis. Several analytes were deleted from 
this list and a few were added based on further sampling and analysis completed for the 
Phase I Rl report 

2.3 Constituents of Potential Interest 

Of those analytes evaluated in groundwater samples, certain analytes were found to be 
of greater interest than others. These analytes were identified based on their 
groundwater concentrations relative to maximum background concentrations, 
conservative human health risk concentrations, and conservative ecological risk 
concentrations. 

Lists of constituents of potential interest were independently developed from the Phase I 
RI groundwater quality data by Golder (1992a) and EPA (Letter from J. C. Eldridge 
(SAiq to T. Brincefield (EPA) dated September 3, 1992). The lists differ slightly due to 
differences in the screening methods. A new list will be developed in the Phase II RI 
report based on the additional data that has been collected. 

• The list of constituents identified by EPA is given below: 

• 

Aluminum (Al), 
Arsenic (As), 
Cadmium (Cd), 
Chloride (Cl), 
Fluoride (F), 
Iron (Fe), 
Manganese (Mn), 
Molybdenum (Mo), 
Nickel (Ni), 
Nitrate (NO:J, 
Radon-222 (Rn-222), 
Selenium (Se), 
Sulfate (SO .J, 
Vanadium M, and 
Zinc (Zn). 

Each constituent of this list was analyzed in samples collected during May, 1993 with the 
exception of radon-222. Radon is no longer a constituent of potential interest due to the 
naturally high background concentrations and has been eliminated from the sampling . 
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2..4 Summary of Hydrogeology 

The site hydrogeology forms a framework for the interpretation of groundwater quality 
data. The hydrogeology of the Monsanto plant and the general area within which it is 
located has been well studied as part of the RI process and earlier voluntary work 
pursued by the Monsanto Company. 

The hydrogeologic characterization presented by Golder (1992a) defined two aquifers 
within basalt interbeds of the Blackfoot Lava Field. One of the aquifers is shallow and 
referred to as the Upper Basalt Zone (UBZ). The other aquifer is deeper and referred to 
as the Lower Basalt Zone (LBZ). The UBZ is the primary groundwater zone in the 
Blackfoot Lava Field, as it has much greater permeability than the LBZ and appears to 
conduct more water through the flow system. The UBZ and LBZ are weakly connected 
in the area of the Monsanto plant. Low permeability fault planes cut the UBZ and LBZ, 
creating groundwater regions that are separate from one another. Two of these faults, 
shown on Figures 2 and 3 on the west side of the Monsanto plant, play an important 
role in isolating groundwater regions. 

Groundwater recharge to the UBZ and LBZ comes from the valley sides and from 
Blackfoot Reservoir to the north. Groundwater flow occurs from north to south in the 
Blackfoot Lava Field. Discharge occurs into Bear River and Alexander Reservoir to the 

• 

south of Soda Springs. Springs located in the Blackfoot Lava Field are locations of both .\ 
discharge and recharge. Deep conduit springs (e.g., Formation Spring) bring water from 
depth to the surface that subsequently infiltrates the shallow groundwater system 
providing recharge. Other springs are locations where the shallow groundwater system 
discharges to surlace water bodies (e.g., Mormon Springs). 

The influence of pumping wells and faults alters the general direction of groundwater 
flow in the vicinity of the Monsanto plant Figures 5 and 6 show the groundwater 
elevation and flow directions at the Monsanto plant for the UBZ and LBZ, respectively. 
As shown on the figures, the faults in the west part of the Monsanto plant prevent the 
westerly flow of groundwater from the central plant area. They also direct groundwater 
in the vicinity of the old underflow solids ponds toward the southeast The pumping 
wells, located in the north and central areas of the Plant, create drawdown causing radial 
flow to the wells. Groundwater flow occurring below the northwest pond and the 
hydroclarifier appears to be completely withdrawn from the aquifer by the pumping 
wells. 
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3. CURRENT EXTENT OF CONSTITUENTS IN GROUNDWATER 

The most recent groundwater samples were collected in May 1993 and were analyzed for 
the constituents listed in Table 1. Data are posted and contoured on Figures 7 through 
34 for the constituents of potential interest (Section 2.3). Figures 7 through 20 present 
results for the Upper Basalt Zone, or UBZ, whereas Figures 21 through 34 present results 
for the Lower Basalt Zone, or LBZ. Contours showing lines of equal concentration, or 
isopleths, were added to the figures manually. The contours were located by linear-, log­
linear-, or visual-estimation based on data points on either side of the contour line. The 
analytical data are also statistically summarized in Tables 2 and 3 for the UBZ and LBZ, 
respectively. 

3.1 Upper Basalt Zone 

Three or possibly four plumes have been identified in the Upper Basalt Zone below the 
Monsanto plant. Three of the plumes correspond to the historic source areas referred to 
as the old underflow solids ponds, the northwest pond, and the hydroclarifier. The 
fourth plume occurs in the southwest comer of the Plant and may be attn"buted to either 
a combination of the sewage evaporation ponds, the non-contact cooling water settling 
pond, and the coke and quartzite dust slurry pond, or the old underflow solids ponds. 
The Kerr-McGee Plant to the east of the Monsanto plant also is shown to produce 
groundwater plumes which have migrated to below the Monsanto plant. These plumes 
are not discussed further. A brief discussion for each constituent of potential interest in 
the UBZ is provided below. 

Aluminum Aluminum was generally undetected or observed at low concentrations 
throughout the Plant. No plumes of aluminum are discemable in the data {Figure 7). 

Arsenic Arsenic: also was predominantly undetected in groundwater samples for the 
Monsanto plant. Arsenic: was detected in the vicinity of the northwest pond and old 
underflow solids ponds areas (Figure 8). 

Cadmium Cadmium was observed to occur in plumes near to the northwest pond, the 
hydroclarifier, and the old underflow solids ponds. In many samples cadmium was also 
undetected Cadmium appears to be limited to the below the Plant, with no observed 
cadmium concentrations occurring in samples from south of the Plant {Figure 9). 

Chloride Chloride forms relatively large plumes in the three main areas of the Plant in 
comparison to the metal constituents. The northwest pond plume and the hydroclarifier 
plume have coalesced and are withdrawn from the aquifer by the production wells in the 
center of the Plant. The plume from below the old underflow solids ponds has 
apparently migrated off-site to the south and has coalesced with the plume in the 
southwest comer (Figure 10). Part of this plume discharges at Calf and Mormon Springs . 
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Fluoride Fluoride also fonns relatively large plumes in comparison to the metal 
constituents. The patterns of the fluoride plumes are similar to those of chloride, 
although the extent of fluoride is more limited {Figure 11). 

Iron There appears to be limited areas of elevated iron concentrations below the 
Monsanto plant {Figure 12). The maximum iron concentration of 7.65 mgiL occurs at the 
Doc Kackley Spring and is considered to be a natural iron concentration. The iron 
concentration in Test Well 57, which is a control location for the Upper Basalt Zone, also 
is high with a value of 0.165 mgiL. The definitions of iron groundwater plumes below 
the Monsanto plant are generally poor. 

Manganese Manganese concentrations indicate the presence of three plumes 
corresponding to the northwest pond, the hydrodarifier, and the old underflow solids 
ponds (Figure 13). The highest concentrations are typically less than 1 mgiL. Natural 
levels of manganese observed in Doc Kackley and Hooper Springs are between 0.3 and 
0.4 mgiL, which are values similar to the plume areas. 

Molybdenum Concentrations in groundwater for molybdenum also indicate the. 
presence of three plum~ of low concentration occurring the areas of the northwest 
pond, the hydroclarifier, and the old underflow solids ponds (Figure 14). The highest 
concentrations for molybdenum below the Monsanto plant occur along the east 
boundary. Elsewhere molybdenum concentrations are less than 0.6 mgiL. 

Nickel Nickel has limited extent below the Plant, although it appears two minor plumes 
may exist {Figure 15). Nickel was undetected in 44 of 53 samples and the maximum 
concentration was 0.112 mgiL. Nickel is undetected in samples collected outside the Plant 
fence-line. 

Nitrate Nitrate concentrations indicate the occurrence of three to four plumes {Figure 
16). The highest concentrations on-site are about 1S m&'L and occur in the area of the 
hydroclarifier. Nitrate also appears to occur at abnormally high concentrations in control 
samples located along the north fence-line (e.g. 5.08 m&'L at TW-29), suggesting 
agricultural impacts to groundwater north of the Plant 

Selenium Selenium concentrations in groundwater indicate the presence of three to four 
plumes below the Monsanto plant in the locations of the northwest pond, the 
hydroclarifier, the old underflow solids ponds, and the southwest comer {Figure 17). The 
concentrations range up to 0.7 mgiL. 

Sulfate The distnbution of sulfate concentrations shows the occurrence of two plumes 
below the Monsanto plant {Figure 18). One plume lies below the area of the northwest 
pond and the hydroclarifier. The other plume occurs in the area of the old underflow 
solids ponds and the southwest comer of the Plant 

• 

• 

Vanadium Vanadium concentrations indicate the occurrence of two minor plumes below 
the Monsanto plant with the exception of the eastern fence-line area which overlies a •.. 
larger vanadium plume {Figure 19). Vanadium was below detection in many samples 
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from the main Plant area and the highest concentrations occur along the eastern fence­
line. 

Zinc Groundwater concentrations of zinc are limited to the three primary plume areas, 
the northwest pond, the hydrodarifier, and the old underflow solids ponds (Figure 2D). 
The concentrations average less than 0.5 m~ and in 25 of 53 samples zinc was not 
detected. 

3.2 Lower Basalt Zone 

The LBZ is separated from the UBZ by an intervening aquitard of dense basalt The 
aquitard reduces, or eliminates entirely, the mixing of groundwater from the two zones 
and consequently, few constituents are observed in groundwater from the LBZ in 
comparison to the UBZ. The extent of the aquitard below the Monsanto plant appears 
continuous based on borehole logs. 

Some communication between the UBZ and LBZ does exist, however, and in the past, 
single well completions into both the UBZ and LBZ connected the zones. These well 
completions existed for a relatively short period, being installed in the early 1980s and 
then abandoned in the late 1980s • 

Aluminum Aluminum was detected in only one groundwater sample collected from lW-
44 (Figure 21). The concentration of 0.126 B m&'[. measured in the hydroclarifier area is a 
minor indication of aluminum transport to the LBZ from the UBZ. 

Arsenic Arsenic concentrations were below detection limits or very low throughout the 
LBZ (Figure 22). 

Cadmium Cadmium was observed in several samples collected from the LBZ, indicating 
transport of cadmium from the UBZ to the LBZ below the Monsanto plant The 
concentrations are less than 0.05 m&'L 

Chloride Chloride concentrations in the LBZ below the Monsanto plant range from 13 
m~ to 217 rng!L (Figure 24). The highest concentrations are related to the chloride 
plume east of the Monsanto plant. 

Fluoride Low concentrations of fluoride were measured in LBZ samples (Figure 25), 
indicating minor transport of fluoride from the UBZ to the LBZ has occurred. 

Iron Iron concentrations in the LBZ are naturally high with a few concentrations 
exceeding 10 m&'L (Figure 26). Much lower iron concentrations are observed in the UBZ 
indicating transport from the UBZ to the LBZ is limited. The high iron concentrations 
indicate the LBZ groundwater is recharged in part by the same groundwater discharging 
springs located to the west which discharge into Soda Creek. 
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Manganese Manganese concentrations in the LBZ are less than 0.7 mgll (Figure 27). A 
low concentration manganese plume may be present in the LBZ in the area of the old 
underflow solids ponds. 

Molybdenum. With the exception of the area of the hydroclarifier, molybdenum was not 
detected in groundwater samples from the LBZ below the Monsanto plant (Figure 2B). 

Nickel Nickel was mostly undetected in the LBZ (Figure 29). One detection occurred 
below the old underflow solids ponds where a value of 0.036 B mgll was observed. 

Nitrate Nitrate was undetected in the LBZ below the Monsanto plant with the exception 
of samples collected from the eastern part of the Plant (Figure 30). Nitrate concentrations 
along the eastern border of the Plant appear to have resulted from the plume in this 
area. 

Selenium. Selenium was not detected in groundwater samples from the LBZ below the 
Monsanto plant (Figure 31). 

Sulfate Sulfate concentrations appear slightly elevated in the LBZ in the area below the 
old underflow solids ponds (Figure 32). The maximum sulfate concentration occurs in 
the southeast comer of the Monsanto plant and is related to a plume to the east of the 
Plant. 

Vanadium Vanadium was generally undetected in the LBZ below the Monsanto plant 
(Figure 33). 

Zinc: Concentrations of zinc are generally less than 0.1 mgll, although, a concentration 
of 0.208 m&'L was observed in the area of the hydroclarifier (Figure 34). The data 
indicate minor transport of zinc from the UBZ to the LBZ may have occurred. 
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4. TEMPORAL TRENDS OF CONSTITUENTS IN GROUNDWATER 

The temporal trend of a constituent refers to changes in the constituent's groundwater 
concentration through time at a location in the aquifer. When a constituent is first input 
to the groundwater, the trends are increasing at down-gradient locations, as the 
concentration is rising. H the source is stopped the concentrations eventually decline and 
the trend is decreasing. 

Two types of trends are observed in the groundwater plumes below the Monsanto plant 
The dominant trend is one of decreasing concentrations at most sampling locations. This 
trend is consistent with the Plant history, which includes a period from the middle 1950s 
to the early 1980s when releases of constituents to the subsurface occurred. In the past 
several years since these releases have stopped, the groundwater concentrations for the 
constituents have declined. The second type of trend, which is a minor trend in that it 
does not occur at all locations below the Plant, is one of increasing concentrations. This 
trend is not well explained by the Plant history, it involves only a few constituents, and it 
is localized to two areas-the area of the old underflow solids ponds and the area of the 
hydroclarifier. 

Figures 35 through 38 show time history plots of groundwater concentration for 
cadmium and chloride in the areas of the groundwater plumes below the Monsanto 
plant Where a declining trend was observed in these data, a function was fit through 
the data points by regression and is also shown on the plot Appendix A contains plots 
for the other constituents of potential interest in the areas of the old underflow solids 
ponds and the northwest pondlhydroclarifier with the exception of selenium. Data for 
selenium were found to be incorrect prior to the more recent sampling, thus, time history 
data exist for only a short period and were not plotted. 

As shown on Figures 3S and 36, cadmium concentrations in the plume areas appear to be 
declining. Although the data values fluctuate, the dominant trend shown by the 
regression curve indicates a declining trend. Table 4 presents information concerning the 
regression at each location and includes an estimate of the time at which the cadmium 
concentration should decline to 0.005 mlit., which is the common detection limit for the 
groundwater samples. 

Figures 37 and 38 present time history groundwater concentrations for chloride in the 
plume areas. The chloride data show both of the trends discussed above. As shown on 
Figure 37, near to the old underflow solids ponds (Test Wells 22 and 37), steeply 
declining trends are observed, whereas away from the ponds, increasing trends are 
observed (Test Well36 and Mormon A Spring). In reviewing the Plant history and the 
available sources of constituents, the explanation for these increasing trends was not 
clear. At this time it appears most likely that the old underflow solids ponds were used 
during the early 1980s and were filled with liquids containing chloride and possibly other 
constituents. This use of the ponds may have resulted in a short duration pulse-type 
release to groundwater and caused the chloride distribution observed in the UBZ. The 
chloride concentration in the source area is currently near background and is continuing 
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to decline. Sulfate, nitrate, and a few other constituents have concentrations following a 
pattern similar to chloride, although the concentrations are more dilute and the 
increasing trends are not as apparent 

Chloride concentrations in the area of the northwest pondlhydroclarifier (Test Wells 16, 
40, 42, and 43} also show a mixture of trends. At Test Well 16, which is located 
immediately southeast of the northwest pond, the chloride trend is steeply declining. At 
Test Wells 40, 42, and 43, located in the area of the hydroclarifier, the chloride 
concentration trends are less clear. The current trend at Test Well 42 appears to be 
increasing. The trends observed in water quality data from Test Wells 40 and 43 are 
declining, although the data show large fluctuations at early times and fluctuations may 
occur in the future. Table 5 presents data for the regression curves shown on Figures 37 
and 38. 
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S. PRODUCI10N WELL AREA 

The production wells for the Monsanto plant, PW-1, PW-2, and PW-3, are known to 
withdraw groundwater from the area of the northwest pondlhydrodarifier plume 
(Figures 2 and 3). The wells for several years have withdrawn the plume from the 
aquifer and prevented the off-site migration of the plume. EPA has raised the question 
concerning the disposition of the plume if the production wells were shut down. 

In the event the production wells are indefinitely taken off-line, the following conditions 
are anticipated to result 

• Groundwater flow will no longer be directed toward the production wells 
in the center of the Plant; 

• Groundwater flow will eventually shift to an approximately unifonn 
pattern directed toward the southeast, parallel to the main fault that 
occurs in the western part of the Plant; 

• The northwest pond/hydroclarifier plume will migrate further to the 
.southeast in the direction of groundwater flow; 

• The Kerr-McGee plume, to the east of the Monsanto plant, will migrate 
toward the south rather than toward the west and south; and 

• If the northwest pond/hydroclarifier plume migrates to the southeast 
comer of the Plant, the plume will coalesce with the Kerr-McGee plume. 
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6. CONCLUSIONS 

Three areas below the Monsanto plant are occupied by plumes of constituents released to 
groundwater earlier in the Plant histocy. The main plume areas correspond to the 
northwest pond, the hydroclarifier, the old underflow solids ponds, and the southwest 
comer of the Plant. A fourth plume exists along the eastern fence-line of the Plant and is 
attn"buted to industrial activities to the east of the Plant. Tune history data for 
groundwater quality indicates in most cases that concentrations are declining, which is 
consistent with the Plant history. 

Increasing concentrations also are observed in isolated areas for selected constituents, and 
in particular chloride. These trends are not apparent for many of the metal constituents. 
The increasing trends are most notably observed along the southern fence-line and an 
explanation for the trends is not well substantiated. It is possible, however, that these 
observations are a result of a pulse-type release to groundwater that occurred through 
the old underflow solids ponds in the early 1980s. The release may have taken place 
sometime after the ponds where taken out of use and before the ponds were capped. 
The short duration of the release may have formed a plume that migrates through the 
aquifer as a pulse. As the pulse arrives at down-gradient locations concentrations 
increase and as the pulse passes concentrations eventually decline. Consequently, the 
increasing trends that are observed today are expected to shift to dec:lining trends in the 
future. Based on observations in test wells 31 and 22, which are nearer to the soun:e, •. ) 
declining trends are estimated to occur along the southern fence-line in the next few 
years. 
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TABLE 1 

SAMPLE ANALYSIS FOR MAY 1993 GROUNDWATER AND SPRING SAMPLES 

Metals Other Ions Other 

Aluminum Ammonium Total Dissolved 
Solids 

Arsenic Chloride Specific 
Conductance1 

Cadmium Fluoride pHt 
A 

Iron Nitrate + Nitrate as Ehl 
N 

Manganese Sulfate TurbiditY 

Molybdenum Temperature2 

Nickel Dissolved Oxygenl 

Selenium 

Vanadium 

• Zinc 

1 Analyzed in field and in laboratory. l Analyzed in field only • 
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TABLE 2 

GROUNDWATER QUALin' STATISTICS FOR THE UPPER BASALT ZONE 
DURING MAY 1993 

Analyte Mean Std. Minimum Maximum Sample No. 
Deviation Size Undetected 

Aluminum ·o.OS6 0.044 0.01U 0.199 53 44 

Arsenic 0.003 0.004 O.OOlU 0.021 53 37 

Cadmium 0.173 0.622 o.oosu 3.82 53 35 
.. 

Chloride 117.9 126.3 5.1 513 53 0 

Fluoride 1.94 2.59 0.13 13.8 53 0 

Iron 0.52. 1.43 7.65 0.027 53 18 

Manganese 0.164 0.293 0.004U 1.47 53 9 

Molybdenum 0.265 0.789 o.oosu 4.17 53 14 

Nickel 0.03 0.016 0.003U 0.112 53 44 

Nitrate 6.28 4.68 0.02U 16j 51 6 

Selenium 0.132 0.178 0.001U 0.7 53 17 

Sulfate 244.2 200.2 32.9 902 53 0 

Vanadium D.202 0.719 0.004U 4.03 53 30 

Zinc 0.459 1.22 o.oosu 6.36 53 25 

Values are in units of mgll.; Kerr-McGee monitoring well samples were not included in 
statistical calculations; Undetected values (qualifier U) were used at full value in the 
calculations. 
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TABLE 3 

GROUNDWATER QUALITY STATISTICS FOR THE LOWER BASALT ZONE 
DURING MAY 1993 

Analyte Mean Std. Minimum Maximum Sample No. 
Deviation Size Undetected 

Aluminum 0.049 0.051 0.021U 0.139 8 7 

Arsenic: 0.003 0.003 0.001U 0.010 8 3 

Cadmium 0.012 0.015 o.oosu 0.048 8 4 

Chloride 58.36 67.49 13.1 217 8 0 

Fluoride 0.333 0.204 0.16 0.77 8 0 

Iron 6.92 5.28 14.2 0.075 8 1 

Manganese 0.297 0.228 0.012U 0.668 8 1 

Molybdenum 0.062 0.13 0.008U 0.382 8 5 

Nic:kel 0.027 0.004 0.026U 0.036 8 7 

N"ltrate 1.84 3.48 0.02U 8.94 8 6 

Selenium 0.003 0.002 O.OOlU o.oosu 8 8 

Sulfate 158.3 149.3 fJJ.7 490 8 0 

Vanadium 0.572 1.59 0.009U 4.5 8 5 

Zinc: 0.071 0.062 0.014U 0.208 8 5 

Values are in units of mg!L; Kerr-McGee monitoring well samples were not included in 
statistical calculations; Undetected values (qualifier U) were used at full value in the 
c:alc:ulations . 
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TABLE 4 

REGRESSION ANALYSES FOR CADMIUM AT SELECTED TEST WELLS 

Test Well Decay Rate, yr1 (Half Life, Predicted Year for 
yr)• Concentration Decline to 

Background (O.OOSU mWt)b 

TW-16 0.101 (7) 2040 

TW-40 0.178 (4} 2030 

TW-42 0.379 (2) 2002 

TW-43 0.030 (23) 2238 

TW-37 0.128 (6) ')!J27 

TW-22 0.113 (6) 2004 

TW-36 0.044 (16) ')!J47 

Mormon A Spring 0.062 (12) 2007 

• The regression model consisted of the function C(t) = Coexp(-rt), where C(t) is the 
concentration at timet (mWt), Co is the initial concentration at timet= 0 (mgll), r is the 
decay rate (yr1), and t is the time (yr). Both of the parameters, r and Co, are computed 
by least-squares linear regression of Ln(C(t)) vs. t According to this function, C(t) 
approaches 0 mg/L as the time, t, approaches infinity. The half life is obtained from the 
decay rate according to Ln(2Yr and has units of years. 

b The regression model was used to predict the year at which the concentration at the 
observation location may decline to a concentration of 0.005 mg/L, a value representative 
of background that was determined from Test Well 57 (background is measured as 
O.OOSU ms'L). This year is predicted by the following expression, T = Ln(O.OOS/Co)lr. 
Caution must be used in interpreting these results as the predicted year is beyond the 
range of the data. 
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TABLE 5 

REGRESSION ANALYSES FOR CHLORIDE AT SELECTED TEST WELLS 

Test Well Decay Rate, yr·1 (Half Life, Predicted Year for 
yr)• Concentration Decline to 

Background (22 m&'L)b 

TW-16 0.126 (6) 1998 

TW-40 0.035 (20) 2082 

TW-42 - -
TW-43 0.068 (10) 2040 

TW-37 0.183 (4) 1998 

TW-22 0.223 (3) 1997 

TW-36 - -
Mormon A Spring - -

a The regression model consisted of the function C(t) = Coexp(-rt), where C(t) is the 
concentration at time t (m~), Co is the initial concentration at time t = 0 (m&'L), r is the 
decay rate (yr1), and t is the time (yr). Both of the parameters, r and Co, are computed 
by least-squares linear regression of Ln(C(t)) vs. t According to this function, C(t) 
approaches 0 m&'L as the time, t, approaches infinity. The half life is obtained from the 
decay rate according to Ln(2)/r and has units of years. 

b The regression model was used to predict the year at which the concentration at the 
observation location may decline to a concentration of 22 m&'L, a value representative of 
background that was determined from Test Well 57. This year is predicted by the 
following expression, T = Ln(O.OOS/Co)!r. Caution must be used in interpreting these 
results, as the predicted year is beyond the range of the data. 
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October 29, 1993 A-1 913-1101.608 

A.l EXPLANATION 

This appendix contains time history plots of groundwater concentration for selected 
constituents and at selected well locations. The plots are arranged alphabetically and 
include the following constituents: 

Aluminum, 
Arsenic, 
Fluoride, 
Iron, 
Manganese, 
Molybdenum, 
Nickel, 
Nitrate, 
Sulfate, 
Vanadium, and 
Zinc 

These constituents include the constituents of potential interest identified in Section 2.3, 
with the exception of cadmium, -::hloride, and selenium. Cadmium and chloride time 
history plots are shown on Figures 35 through 38. Selenium time history data is limited 
to only recent sampling and is not shown, however, the current selenium concentrations 
observed in groundwater are shown on Figures 17 and 31. 

The selected test well locations are within the areas of the old underflow solids ponds 
plume and the northwest pond/hydroclarifier plume. Figure 3 shows the locations of test 
wells. No plots are shown for test wells sampling the Lower Basalt Zone . 

Golder Associates 



.~ 

1.500 

1.000 

3 I -~ 
0.500 '-" 

~ 
0 
;::! 
5 
u 

0.000 

1987 

[8l 

Non-detect 

1988 1989 

0 
Detect 

/\/TW-37 

1990 1991 1992 1993 
year 

FIGURE 
Aluminum CONCENTRATION TIME HISTORY 

FOR TW~7 
MOJ\TSANTO'PHASE TI RJJID 

• 

• 

• 



• 

• 0.200 

0.150 

0.100 --...l .._ 

~ 
-=:.. 
... + 0.050 

-= 0 
!::! 
5 u 

0.000 

1987 

[81 

Non-detect 

• 

1988 1989 

0 
Detect 

/\/TW-22 /\/TW-24 

1990 1991 1992 1993 
year 

FIGURE 
Aluminum CONCEN1RATION TIME HISTORY 

FOR 1W-22 
MONSANTO'PHASE II RIIID 



0.100 l 

0.075 

0.050 
...... 
....l ..... 
~ 

..::.. 
~ 

~ 
0.025 

Cj 

~ 
u 

0.000 

1987 

181 
Non-detect 

1988 1989 

0 
Detect 

/\./TW-36 

1990 1991 1992 1993 
year 

FIGURE 
Aluminum CONCENTRATION TI1vffi HISTORY 

FOR 1W-36 
MONSANIO'PHASE IT RI1ID 

• 

• 

• 



• 

• 0.200 

0.150 

0.100 

1 -~ 
::.1) 

5 -.2 0.050 -;; 
.!::: 
:::: 
0 
u 
:::: 
0 
u 

O.OQO 

1987 

~ 
Non-detect 

• 

1988 1989 

0 
Detect 

J\t6RMON-A /'V CALF 

1990 1991 1992 1993 
year 

FIGURE 
Aluminum CONCENTRATION TIME IDSTORY 

FOR MORMON-A. 
MONSANTO'PHASE ll RIIID 



0.100 

~ 
--- 0.050 
.~ 

~ 
1j 
~ 
c 

/\/TW-16 

;\ 
I \ 

I \ 
I \ 

~ I \ 
'\_ I ' I \ 

I \ 
181 

u T 
1 0.000 +----.,....----11---..,..----+----:------l-----:------l 

1990 

[81 
Non-detect 

0 

1991 1992 
year 

1993 

Detect 

FIGURE 
Aluminum CONCEN'IRATION 1Th1E HISTORY 

FOR TW-16 
MONSANTO'PHASE ll RI1ID 

1994 

• 

• 

• 



• 

• 1 

0.200 

-- t ' ::::::: 
::0 

........ 0.100 

. 2 T 
i3 
!:! 
5 
u 

0.000 

1987 

~ 
Non-detect 

• 

1988 1989 

0 
Detect 

/\/TW-40 /\/nv-44 .....,. 

/VTW-43 

1990 1991 1992 1993 
year 

FIGURE 
Aluminum CONCENTRATION TIME HISTORY 

FOR TW-40 
MONSANTO'PHASE IT RIIID 



0.200 

0.150 

0.100 

c: 
-~ ;; 0.050 
!:1 
c: 
u 
u 
c: 
0 
u 

I 0.000 

1990 

[gl 

Non-detect 
0 

1991 

Detect 

/VTW-53 

1992 
year 

/\/TW-54 

1993 

FIGURE 
Aluminum CONCENIRATION TIME HISTORY 

FOR 1W...S3 
MONSANID'PHASE II RIIID 

• 

• 

1994 

• 



• 

• 0.200 I 
/\/TW 55 /\/TW-56 

± 
I 0.150 + t I 1 I 

0.100 I -...J ._ 

~ 
c 

.2 
0.050 ;;; l -% 

;:) l 
u 

t c 
0 
u 

I 0.000 

1990 1991 1992 1993 1994 

(81 0 
year 

Non-detect Detect 

AI . FIGURE 

• ummum CONCEN'IRATION TIME HISTORY 
FOR 1W-:§5 

MONSANTO'PHASE ll RI1ID 



.--

--
~ 
..=, 
c 
.e 
;; ... 
E 
u 
u 
c 
0 
u 

0.050 

0.040 

0.030 

0.020 

0.010 

0.000 

181 
Non-detect 

1986 1988 

0 
Detect 

/\/TW-37 

1990 1992 
year 

FIGURE 
Arsenic CONCENIRATION TIME HISTORY 

FOR TW~7 
MONSANIO'PHASE ll RIIID 

• 

• 

• 



-

• 

• 0.020 

0.016 

0.012 

~ 0.008 
E -.g 
::1 

~ 0.004 
0 
u 
c 
0 
u 

• 

0.000 

181 
Non-detect 

1986 1988 

0 
Detect 

/\/TW-22 A/TW-24 

1990 1992 
year 

FIGURE 
Arsenic CONCENIRATION TIME HISTORY 

FOR 1W~ 
MONSM"TT'PHASE IT RIIID 



0.020 

0.016 

0.012 

~ 0.008 
-::. 
.§ 
g 
5 0.004 
u 
§ 
u 

0.000 

181 
Non-detect 

1986 

0 

1988 

Detect 

/\./TW-36 

1990 1992 
year 

FIGURE 
Arsenic CONCEN1RATION TIME HISIDRY 

FOR TW~6 
MONSANfOIPHASE n RIIID 

• 

• 

• 



• 

0.100 

• 0.090 

0.080 

0.070 

0.060 

0.050 ~ 

~ 0.040 

I ..::.. 
c 0.030 .g 
co: ... 

0.020 c 
c:l 
!:! ~ 0 0.010 u 

~ 
0.000 

1980 

181 
Non-detect 

• 

1982 1984 

0 
Detect 

~RMON-A /\/CALF 

1986 1988 1990 1992 
year 

FlGURE 
Arsenic CONCENIRATION TIME HISTORY 

FOR MORMON~ 
MOr-.TSANIO'PHASE n RJ/lD 

... ------



• 

/V1W-16 • 0.400 

l 
0.300 l 
0.200 + t .-.. 

~ 
~ 

~ ..::-
.g 

0.100 :-: 

-= u 
u 
§ 
u ...... 

0.000 

1986 1988 1990 1992 

r8l 0 
year 

Non-detect Detect 

FIGURE 
Arsenic CONCE!'-.TRATION TIME HISTORY • FOR T\V-16 

MONSANTO'PHASE n RIIID 



• 

• /\/T\V-44 /\/T\V-43 
0.040 

± 
/\/TW-40 

l 
0.030 

I 

i 
0.020 

...... 

..J 

~ ...... 
c: 

.2 
0.010 ;;; 

~ 
... c 
I) 
u 
§ 
u 

0.000 

1984 1986 1988 1990 1992 

[81 0 
year 

Non-detect Detect 

FIGURE 
Arsenic CONCENTRATION TIME HISTORY • FOR 1W-44 

MONSANTO'PHASE n RIIID 



• 

/\,/TW-53 /VTW-54 • 0.020 
1-

0.015 I 
± 

0.010 i ...... 
' :::::: 

~ ._.. 

-~ 0.005 :; .... 
E 
0 
~ 

~~ 0 
u 

I 0.000 

1990 1991 1992 1993 1994 

!:8l D 
year 

Non-detect Detect 

FIGURE 
Arsenic CONCENIRATION TIME IDSTORY • FOR 1W...S3 

MONSANTO'PHASE IT RI1ID 



• 

• 0.020 

• 

l 
0.015 

0.010 ..L 

.§ 
~ 0.005 

0 
;:! 
0 
u 

I 0.000 

1990 

[81 
Non-detect 

1991 

0 
Detect 

/\/1W-55 

1992 
year 

/VTW-56 

1993 

flGURE 
Arsenic CONCBITRATION TIME HISTORY 

FOR TW..S5 
MO.NSANTO'PHASE II RIIID 

I 

1994 



0.020 

0.015 

0.010 
...... 

~ = -.e 
0.005 iii 

~ 
u 
u = 0 u 

I 0.000 

1990 

~ 
Non-detect 

1991 

0 
Detect 

/VTW-53 /VTW-54 

1992 1993 
year 

AGURE 
Cadmium CONCENIRATION TIME IDSTORY 

FOR 1W..S3 
MONSANIO'PHASE ll RI1ID 

• 

• 

1994 

• 



• 

• /\/TW-55 /VTW-56 
0.020 

± I 

O.Q15 
T 

1 
+ 

0.010 1 
:J I 
~ I 
,;::. 

~ .~ 
0.005 -= ~ 

u 
~ t 5 
u 

1 0.000 

1990 1991 1992 1993 1994 

~ 0 
year 

Non-detect Detect 

FIGURE 

• Cadmium CONCENlRATION TIME HISTORY 
FOR 1W...S5 

MO:NS.ANfQIPHASE II RJIID 



• 

/\/TW-54 /\/TW-53 • 200.000 

+ 
150.000 ! ~ 

I 
T 

100.000 I 
3 + .._ 

T ~ ..::. I § 1 

/ -~ 50.000 I .:: 

J 
5 
0 c: 
0 u 

I 0.000 

1990 1991 1992 1993 1994 

~ 0 
year 

Non-detect Detect 

FIGURE • Chloride CONCENTRATION 1Th1E HISTORY 
FOR 1W-54 

MONSANID'PHASE IT RIIID 



• 

• 100.000 
/\./TW-55 /\/TW-56 

f 
~ 80.000 

60.000 

3 I 
~ 40.000 I -=-.s 
<;i 
~ 20.000 
Q) 

S:! 
5 
u 

I 0.000 

1990 1991 1992 1993 1994 

~ 0 
year 

Non-detect Detect 

RGURE 

• Chloride CONCENIRATION TIME HISTORY 
FOR TW...S5 

MONSANID'PHASE IT RIIID 



______ .. 

35.000 

30.000 

25.000 

20.000 

....... 
~ 15.000 
E ._, 
c 

10.000 .~ 
c; 
!:: 
c 
u 

5.000 () 
c 
0 u 

0.000 

IZI 
Non-detect 

1986 1988 

0 
Detect 

/\./TW-37 

1990 1992 
year 

FIGURE 
Auoride CONCENTRATION TIME HISTORY 

FOR TW~7 
MOl\1SANID'PHASE ll RIIID 

• 

• 

• 



~----· 

• 

• 

• 

3 
'S:b 
1: 

15.000 

10.000 

-:- 5.000 
.§ 

£ 
c 
G) 
u 
c 
0 
u 

0.000 

1984 

~ 
Non-detect 

1986 

D 
Detect 

/VTW-22 /VTW-24 

1988 1990 1992 
year 

FIGURE 
Fluoride CONCENIRATION TIME HIS10RY 

FOR 1W-22 
MONSANTO'PHASE n RIIID 



• 

/\./TW-36 • 16.000 

14.000 

12.000 

10.000 

8.000 
........ 
...J 

~ 6.000 
..:; 
c 

.2 
'?,j 4.000 ... 
'E 
~ 
u 2.000 c 
0 
u 

0.000 

1986 1988 1990 1992 

[8) 0 
year 

Non-detect Detect 

flGURE • Fluoride CONCENTRATION TIME HISTORY 
FOR T\V-a6 

MONSANTO'PHASE ll RIIID 



• 

• 
3 
~ 

15.000 

10.000 

~ 5.000 
.g 
::; ... c; 
u 
!::! 

8 
0.000 

1980 

~ 
Non-detect 

• 

1982 1984 

0 
Detect 

J\t6RMON-A /'J CALF 

1986 1988 1990 1992 
year 

FIGURE 
Fluoride CONCENTRATION 1Th1E IDSTORY 

FOR MORMON-A 
MONS~ n RIIID 

I 
! 

j 

I 
I 

i 
i. 

' 

i 

.l 

I 
. ! 

l 
I 
; 



10.000 

5.000 
.-.. 
...J -r 
-~ 
~ 
0 
u 
t: 
0 u 

0.000 

1984 

l8l 
Non-detect 

1986 

0 
Detect 

/VTW-16 

1988 1990 1992 
yenr 

HGURE 
Fluoride CONCENTRATION TIME HISTORY 

FOR TW-46 
MONSANIO'PHASE ll RJ/1D 

• 

• 

• 



·--
• 

• 15.000 

10.000 

--l 
~ 
-=- 5.000 

• 

.§ 
;; ... c 
u 
~ 
0 
u 

0.000 

[81 
Non-detect 

1986 1988 

0 
Detect 

/VTW-40 /VTW-44 

/\/TW-43 

1990 1992 
year 

FIGURE 
Fluoride CONCENTRATION TIME IDSTORY 

FOR TW-40 
MONSANfO'PHASE n RIIID 



10.000 

7.500 

5.000 
'""' ...J r 
c .:a 

2.500 iii ... c 
u 
u 
c 
0 u 

I 0.000 

1990 

[81 0 
Non-detect 

1991 

Detect 

/\/TW-54 /\/lW-53 

G- -fJ 

1992 1993 
year 

FIGURE 
Auoride CONCENTRATION TIME HISTORY 

FOR 1W-54 
MONSANTCVPHASE II RIIID 

• 

• 

1994 

• 



• 

• 
........ 
-l 
~ 
.::::. 
~ 

;; 
~ 
u 
~ 
5 u 

• 

1.000 l 

0.750 

0.500 

0.250 

I 0.000 

1990 

t8l 
Non-detect 

1991 

0 
Detect 

/\/rw-ss 

1992 
year 

/'Vrw-56 

1993 

FIGURE 
Auoride CONCEN1RATION TIME ffiSTORY 

FOR TW...S5 
MO!\lSANTO'PHASE ll RIIID 

1994 



1.000 

0.500 -~ = -.9 
<;; ... c 
tU 
u = 0 
u 

0.000 

1984 1986 

181 0 
Non-detect 

1988 

Detect 

/\/rw-37 /\/-rw-22 

1990 1992 
year 

FIGURE 
Iron CONCENTRATION TIME HISTORY 

FOR 1W~7 
MONSANID'PHASE IT RI1ID 

• 

• 

• 



• 

• 
0.200 

...... 
~ 
c 
,::_ 0.100 
.§ 
::; 
~ 
0 
;::! 
6 
u 

0.000 

1980 

[gl 

Non-detect 

• 
1982 1984 1986 

0 
Detect 

/\t6RMON-A /\/lW-36 

1988 1990 1992 
year 

FIGURE 
Iron CONCEN'IRATION TIME HISTORY 

FOR MORMON-A. 
MONSANTO'PHASE ll RIIID 



• 

/\/TW-16 /\/1W-40 • 3.500 

3.000 

2.500 

2.000 

,-.. 

~ 1.500 
s:: 

-..=-

.2 1.000 
;; ... c 
IU 

0.500 u c 
0 
u 

0.000 
~ 

1984 1986 1988 1990 1992 

181 0 
year 

Non-detect Detect 

FIGURE • Iron CONCENTRATION TIME IDSTORY 
FOR TW-16 

MONSANTO'PHASE ll RL'ID 



• 

• 

• 

0.100 

~ 
5 0.050 
.§ 
g 
Q3 
u ::: 
0 
u 

0.000 

1:81 
Non-detect 

1986 

0 

1988 

Detect 

---- --- ----------------,.----

/\/TW-42 /VTW-43 

1990 1992 
year 

FIGURE 
Iron CONCENIRATION TIME HISTORY 

FOR TW-42 
MOl\"SANTO'PHASE ll RIIID 



4.000 

3.000 

2.000 
....... 
....J 

~ ..::.. 
c 

.9 
1.000 c:i ... c 

u 
0 c 
0 
u 

0.000 

1986 

181 
Non-detect 

1988 

0 
Detect 

/\/TW-37 

1990 1992 
year 

FIGURE 
Manganese CONCENIRATION TIME HISTORY 

FOR TW-37 
MONSANIO'PHASE ll RIIID 

• 

• 

• 
/ 



·--~ 

• 

• 
........ 
..J 

~ .._.. 
c 
.9 
~ .::: 
5 
u 
c 
0 
u 

• 

0.400 

0.300 

0.200 

0.100 

0.000 
1986 

[gl 
Non-detect 

1988 

0 
Detect 

/\/TW-36 

1990 1992 
year 

FIGURE 
Manganese CONCENIRATION TIME HISTORY 

FOR TW-36 
MONSANfO'PHASE n RIIID 



• 

2.000 
/\/TW-22 /\/TW-24 • 

r. t''( 
A 

'- \ (}6 , . 
1.500 I \e.< -· 

r 
,\ ..... 

v' 
// 

1.000 --..J 
'eo 

:::::: 

-=-c 
.e 

0.500 ;; ... c 
u 
u c 
0 
u 

0.000 

1986 1988 1990 1992 

IZI 0 
year 

Non-detect Detect 

FIGURE • Manganese CONCENIRATION TIME HISTORY 
FOR TW-22 

MONSANTO'PHASE ll RIIID 



• 

• 

• 

0.200 

0.150 

0.100 

~ 
E ._, 

.2 
(ij 0.050 
!::: 
c 
u 
u c 
0 
u 

o.ooo. 

~ 

I 
I 
I 

1984 

Non-detect 

1986 

0 
Detect 

/'M6RMON-A /\/CALF 

1988 1990 1992 
year 

FIGURE 
Manganese CONCENTRATION TIME HISTORY 

FOR MORMON-A. 
MONSANI'Q'PRA.SE II RIIID 



-

0.400 

0300 

0.200 
...... 
....l ..... 
~ 

..::. 

-~ 0.100 
~ 
t) 
u 
5 
u 

0.000 

1984 

181 
Non-detect 

1986 

0 
Detect 

·• 

/VTW-16 

1988 1990 1992 
year 

FIGURE 
Manganese CONCENIRATION TIME HISTORY 

FOR 1W-46 
MOl\1SANIO'PHASE IT RIIID 

• 

• 

• 



• 

/\./Tw-44 /\/TW-43 

• 11.000 
/\/TW-40 

10.000 

9.000 

8.000 

7.000 

6.000 

_..... 5.000 
...J 

~ 4.000 -=-
.§ 3.000 
<:i 
!: c 2.000 u 
0 c 
0 1.000 u 

...... 
0.000 

1986 1988 1990 1992 

{81 D 
year 

Non-detect Detect 

FIGURE 
Manganese CONCENIRATION TIME HISTORY 

• ·FOR 1W-44 
MONSANTO'PHASE II RIIID 



• 

/'v'TW-53 /\./TW-54 • 0.100 l 
I 
I 
l 

0.075 
I 
T 
I 
I 

T 

0.050 
T 
I ---~ 

I 
I 

T E I ._, -.§ 
0.025 

I 
c:i I .::: 

:Z:, ~ t ~ 
0 I u 

I 
I 0.000 

1990 1991 1992 1993 1994 

(81 0 
year 

Non-detect Detect 

FIGURE • :Manganese CONCENIRATION TIME IllS'IDRY 
FOR TW...S3 

MO::\lSANID'PHASE ll RliiD 



• 

• 0.100 

0.075 

0.050 

~ 
= ._.. -
-~ 
~ 0.025 

0 
~ 
0 u 

I 0.000 

1990 

i8l 
Non-detect 

• 
1991 

0 
Detect 

/\/TW-55 /V1W-56 

/ 
/ 

1992 1993 
year 

FIGURE 
Manganese CONCENTRATION 1Th1E HISTORY 

FOR TW...S5 
MONSANI"O'PHASE II RIID 

1994 



~ a 
'-' 
c 

0.800 

0.600 

0.400 

.!2 
~ 0.200 
c 
8 c 
0 
u 

I 0.000 

1990 

1:81 
Non-detect 

1991 

0 
Detect 

/\/TW-37 

1992 
year 

1993 

FIGURE 
Molybdenum CONCENIRATION TIME HISTORY 

FOR TW~7 
MONSANIQIPHASE n RI1ID 

• 

1994 



• 

• 1.000 

t 
0.500 

......... 

~ 
,::. 
c 
.3 
;;; 
= c 
(J 

~ 
0 u 

I 0.000 

1990 

IZl 
Non-detect 

• 
1991 

0 
Detect 

/\/TW-22 /\./TW-24 

1992 1993 
year 

FIGURE 
Molybdenum CONCENTRATION TIME IDSTORY 

FOR TW~ 
MONSANIO'PHASE n RIIID 

I 

1994 



·--

~ 
E 
'-' 
c .g 
~ 
c 
u 
g 
8 

0.100 

. 

0.050 

I 0.000 

1990 

(g) 

Non-detect 

1991 

0 
Detect 

/Vrw-3.6. 

1992 
year 

1993 

FIGURE 
Molybdenum CONCEN1RATION TIME HISTORY 

FOR 1W-a6 
MONSANIO'PHASE n RIIID 

• 

• 

1994 

• 



• 

• 0.100 

0.050 
,..... 
....l 

l ..::. 
.g 
~ 

~ 
u u c 
0 
u 

I 0.000 

1990 

~ 
Non-detect 

• 

1991 

0 
Detect 

/\./CALF 

1992 1993 
year 

FIGURE 
Molybdenum CONCENTRATION TIME HISTORY 

FOR MORMON-A 
MONSANTO'PHASE IT RIIID 

1994 



·----

.e 
;:; 
!:I c 
u 
u c 
0 
u 

0.100 

0.050 

I 0.000 

1990 

t8l 
Non-detect 

0 

1991 

Detect 

/\/'Tw-

1992 
year 

1993 

FIGURE 
Molybdenum CONCENTRATION TIME HISTORY 

FOR TW-16 
MONSANIO'PHASE n RIIID 

• 

• 

1994 



• 

• 0.400 

0.300 

I 

0.200 I ..... 

~ 
..:::;, l c .e 

0.100 c; ... c 
QJ 
u 
§ 
u 

I 0.000 

1990 

~ 0 
Non-detect 

• 
1991 

Detect 

1992 
year 

1993 

AGURE 
Molybdenum CONCENTRATION TIME HISTORY 

FOR TW-40 
MO~ANI'O'PHASE n RJilD 

1994 

mi 
I· 

I~ 
; 

t: 
" . 

, . .. 

j i 
· .. 
" .. , 
•' 
I" 

! : 
. ~ 

r 
'· 

i: 
. j: 

1: 
' 

' 



0.050 

l 
0.040 ..L 

0.030 

,..... 
~ 0.020 :.0 
c 

~ 
~ 

c 
.2 
<a 

t 
... 

0.010 c 
u 
u 
c 
0 
u 

I 0.000 

1990 

181 
Non-detect 

1991 

0 
Detect 

/\/TW-53 

1992 
year 

/VTW-54 

1993 

FIGURE 
Molybdenum CONCEN'IRATION TIME HISTORY 

FOR TW~3 
MONSANTO'PHASE n RI1ID 

• 

• 

1994 

• 



• 

• 0.100 
/\/TW-56 /\/TW-55 

-

0.075 -

-

0.050 

--- -
...J 

~ ........ 

-~ 0.025 ;; .... 
'E 

~ 
0 
u 
c 
0 
u 

I 0.000 I 

1990 1991 1992 1993 1994 

~ 0 
year 

Non-detect Detect 

FIGURE 

• Molybdenum CONCENTRATION TIME HISTORY 
FOR TW..S6 

MONSANfO'PHA.SE ll RIIID 



--· 
• 

/\/TW-37 • 0.245 = 
0.235 I 0.225 

I 0.216 
0.206 
0.196 
0.186 = 
0.176 $ = 0.167 = 
0.157 $ 

~ 0.147 = 0.137 = = 0.127 ~ 
0.118 § ....... 0.108 ...J = 

Cb 0.098 = 5 
E 0.088 I ....... 

0.078 c: I .S! 0.069 
<: 0.059 = 0.049 I c: 
u 0.039 5 u c: 0.029 $ 0 0.020 = u 5 

0.010 § 
O.OQO 

1987 1988 1989 1990 1991 1992 1993 

~ 0 
year 

Non-detect Detect 

flGURE 
Nickel CONCENIRATION TIME HISTORY 

FOR TW..:a7 • MONSANTO'PHASE n RIIID 



---
• 

• 
0.100 

G ,..... 

? 
~ 0.050 

l .§ 

~ 
Cj 
g 
8 

0.000 

1987 1988 

181 
Non-detect 

• 
1989 

0 
Detect 

/\/TW-22 /VTW-24 

1990 1991 1992 1993 
year 

FIGURE 
Nickel CONCENTRATION Til\1E HISTORY 

FOR TW-22 
MONSANIO'PHASE ll RIIlD 

f
l 
! 
' ' . 

' t 

t 

f 



• 

/\/TW-36 • 0.260 I 0.250 
0.240 = 0.230 == 
0.220 ~ = 0.210 § 
0.200 $ 
0.190 ~ 
0.180 = 
0.170 i 
0.160 = l!ll! 
0.150 = 

$ 0.140 ~ 0.130 
.-.. 0.120 ~ 
...J 0.110 I ~ 0.100 = = .-=:. 0.090 ~ 
.§ 0.080 ~ 

0.070 = 
~ 0.060 ~ ... = c 0.050 = u 0.040 ~ !::! 0.030 = i5 I u 0.020 

0.010 
0.000 

1987 1988 1989 1990 1991 1992 1993 

~ 0 
year 

Non-detect Detect 

FIGURE 
Nickel CONCENTRATION 1Th1E HISTORY • FOR 1W-a6 

MQ~ANTO'PHASE n RI1ID 



---
• 

• 0.030 

0.020 

3 

r 0.010 
.§ 
"iii 
!::: 
~ 
u c 
0 
u 

0.000 

1987 

181 
Non-detect 

• 
1988 1989 

0 
Detect 

J\t6RMON-A /\/CALF 

1990 1991 1992 1993 
year 

flGURE 
Nickel CONCENTRATION TIME IDSTORY 

FOR MORMON7\ 
MONSANTO'PHASE ll RI1ID 



0.400 

0.300 

0.200 
,....... 
...J 

~ 
..::. 
0 
~ 0.100 ... c 
0 
!:! 
0 
u 

0.000 

1987 

181 
Non-detect 

/\/1W-40 

/\/1W-43 

G~----------------------------~ 

1988 1989 

0 
Detect 

1990 1991 1992 1993 
year 

FIGURE 
Nickel CONCENIRATION TIME HISTORY 

FOR 1W-40 
MONSANfO'PHASE ll RIIID 

-------------, 

• 



• 

• 0.100 

0.080 

0.060 

-.. 
..J 

~ 0.040 
,::.. -
.§ 
~ 
!:: 0.020 ;3 
u c 
0 
u 

I 0.000 

1990 

~ 
Non-detect 

• 

1991 

0 
Detect 

/\/TW-53 /\/1W-54 

7 
1992 1993 
year 

FIGURE 
Nickel CONCENIRATION TIME IDSTORY 

FOR TW...S3 
MONSANIQIPHASE n RI1ID 

1994 



0.100 

+ 
0.080 

0.060 

"'""' 
~ 0.040 ~ 

= ...... 
§ 

= !:: 0.020 g 
u c 
0 
u 

I 0.000 

1990 

r8l 
Non-detect 

1991 

0 
Detect 

/\/TW-56 /\/TW-55 

/ 
1992 1993 
year 

FIGURE 
Nickel CONCENIRATION TIME IllSTORY 

FOR 1W...S6 
MONSANID'PHASE ll RIIID 

• 

• 

1994 

• 



• 

• 

• 

.---.. 

30.000 

25.000 

20.000 

15.000 

~ 
~ 10.000 
.e 
g 
c 8 5.000 
c 
0 
u 

0.000 

1ZI 
Non-detect 

1986 

D 

/\/lW-37 

1988 1990 1992 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-as-N CONCENTRATION TIME IDSTORY 

FOR TW.:a7 
MONSANID'PHASE n RIIID 



20.000 

15.000 

10.000 
....... 
~ 
~lJ 
._, 

.§ 
5.000 -.; ... 

E v 
v c 
0 u 

0.000 

1984 

~ 
Non-detect 

1986 

0 

/\/TW-22 /'v/TW-24 

1988 1990 1992 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-as-N CONC»>TRATION TIME HISTORY 

FOR 1W-22 
MONSANIO'PHASE ll RI!ID 



• 

• 10.000 

~ 
.:;, -.§ 
~ ... 
c 
u 
u 
c 
0 
u 

• 

5.000 

0.000 

181 
Non-detect 

1986 

/VTW-36 

1988 1990 1992 

0 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-as-N CONCENIRATION TIME HrSTORY 

FOR TW-36 
MONS.ANTQ'PRt>.SE ll RI1ID 

I 
I I 

! I 
I 

~ I 

I 



10.000 

5.000 
...... 
...J 

~ I 
0 
·~ ... c 
~ 
u g 
u 

0.000 

181 
Non-detect 

1984 

0 

/\/CALF /'MO'RMON-A 

1986 1988 1990 1992 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-fl.S-N CONCENIRATION TIME HISTORY 

FOR CALF 
MONSANIO'PHASE n RYID 



• 

• 15.000 

10.000 

-~ 
5 5.000 c 
.S2 
;; .. c 
u 
u 
c 
0 
u 

0.000 

1984 

181 
Non-detect 

• 
1986 

0 

/VTW-16 

1988 1990 1992 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-flS-N CONCENIRATION 1Th1E HISTORY 

FOR 1W-l6 
MONSANTO'PHASE IT RI1ID 

. . 
:; 



;J 
~ 

.::. 

.§ 
~ .. c 
II.) 
u 
c 
0 
u 

100.000 

50.000 

0.000 

1986 

1:81 
Non-detect 

0 

/\/TW-43 

/\/TW-40 

1988 1990 1992 
year 

Detect 

FlGURE 
Nitrate-plus-Nitrite-as-N CONCENIRATION TIME HISTORY 

FOR 1W-44 
MONSANIO'PHASE ll RYID 



• 

• 

• 

50.000 

40.000 

30.000 

~ 20.000 
.,::.. 

5 
.a 
-= 10.000 u 
~ 
0 u 

I 0.000 

~ 

1990 

Non-detect 
0 

1991 

Detect 

/\/lW-53 

1992 
year 

/'V1W-54 

1993 

FIGURE 
Nitrate-plus-Nitrite-as-N CONCENTRATION TIME HISTORY 

FOR TW..S3 
MONSANI'O'PHASE n RIIID 

1994 



10.000 

5.000 --l 
-~ 
0$ .... c 
u 
u 
c 
0 
u 

I 0.000 

1990 

!8! 0 
Non-detect 

/\/TW-55 

1991 1992 1993 
year 

Detect 

FIGURE 
Nitrate-plus-Nitrite-as-N CONCEN'IRATION TIME HIS'IDRY 

FOR TW..S5 
MONSANTO'PHASE IT RJ/lD 

• 

• 

1994 

• 



• 

• 600.000 
/\./TW-37 

~ 

i 480.000 

+ 
360.000 + T 

-...J 
~-W.OOO -c 
.g 
..: 
-E 120.000 
(.) 
u 
c 
0 
u 

0.000 

1986 1988 1990 1992 

~ 0 
year 

Non-detect Detect 

FIGURE 

• Sulfate CONCE\TTRATION TIME HISTORY 
FOR TW..:JJ7 

MONSANID'PHASE ll RT1ID 



----

1000.000 

800.000 

600.000 

........ 

....J 
~00.000 
,::.. 

e§ 
;:a 
'E200.000 
() 
u c 
0 
u 

0.000 

1984 1986 1988 

~ 0 
Non-detect Detect 

/\/TW-22 /VTW-24 

1990 1992 
year 

FIGURE 
Sulfate CONCENTRATION TIME HISTORY 

FOR 1W~ 
MONSANTO'PHASE IT RIIID 

.; 
J: 
~: 
~ 

I 

· .. I 

• 
t ,, 
~· 

~ 
t 



• 

• 500.000 

400.000 

300.000 

~ e.aoo.ooo 
:::: 

-=-c 
.!:2 
Cii 
"E100.000 
II) 
u 
c 
0 
u 

• 

0.000 

~ 
Non-detect 

1986 

0 
Detect 

/'\/TW-36 

1988 1990 1992 
year 

FIGURE 
Sulfate CONCENIRATION 1Th1E HISTORY 

FOR 1W-36 
MOJ\TSANTO'PHASE IT RI1ID 

.. 

I 
~· 

l 
I 



500.000 

400.000 

300.000 

..-. 

...J 
~'00.000 
..:=. 

.§ 
r; 

~100.000 
CJ 
~ 
0 u 

0.000 

181 

1980 

Non-detect 

1982 1984 

0 
Detect 

/\t6RMON-A /\/CALF 

1986 1988 1990 1992 
year 

FIGURE 
Sulfate CONCENTRATION TIME HISTORY 

FOR MORMON-A 
MONSANID'PHASE ll RI1ID 

J 
~~ 

·~ t 
!. 

< 

f 
• 

• 

t 
i': 
~~ . 
'•: 

~: 
'I 
::1 
·'I 

J 
I 

I 
I 



• f 

• 250.000 
/\/1W-16 

i 200.000 r\ 
+ C!J m'\ 
I -~~ 

150.000 t 
-- f ' ~100.000 
..::.. 

;:: 
~ 50.000 
t.l 
::! 
5 u ! 0.000 

1984 1986 1988 1990 1992 ! 

year 
;. 

181 0 
Non-detect Detect 

FlGURE 

• Sulfate CONCENTRATION TIME HISTORY 
FOR 1W-46 

MONSMTO'PHASE n RI1ID 



2000.000 

1500.000 

1000.000 

~ ..::. 
c 
0 ·.;soo.ooo ... c 
0 
u 
c 
0 
u 

0.000 

[81 
Non-detect 

1986 

0 
Detect 

I 1-' 

1988 

/\/TW-40 

A/TW-43 

1990 1992 
year 

RGURE 
Sulfate CONCENIRATION TIME HISTORY 

FOR 1W-40 
MONSANI'CVPHASE n RIIID 

• t 
! 

~ 
l 
f 

• 



• 

• 200.000 

150.000 

100.000 i -.. 
...J -2' 
-=-
5 

I 
-~ 50.000 
~ :::; 
u 
c 
::;) 

u 
I 0.000 

1990 

[g) 
Non-detect 

• 
1991 

0 
Detect 

/\/TW-53 

1992 
year 

/\/TW-54 

1993 

FIGURE 
Sulfate CONCENIRATION TIME HISTORY 

FOR TW-:§3 
MONSANIO'PHASE IT RI1ID 

1994 



500.000 

400.000 

300.000 

3 
~.,00.000 
......... 

. § 
;; 
~ 100.000 
u 
::! 
5 
u 

I 0.000 

1990 

[g) 

Non-detect 
0 

1991 

Detect 

/VTW-55 

1992 
year 

/\/TW-56 

1993 

FIGURE 
Sulfate CONCEN'IRATION TIME HISTORY 

FOR TW...S5 
MONSANTO'PHASE n RI1ID 

• 

• 

1994 

• 



• 

• 3.000 

2.000 

.-.. 

~ 
1.000 ,_, 

-~ 
;:.: 
c 
u 
~ 
5 
u 

0.000 

1984 

[gl 

Non-detect 

• 

1986 

0 
Detect 

/\/ T.Vt'-22 /\/TW-37 

1988 1990 1992 
year 

FIGURE 
Vanadium CONCENTRATION TIME IDSTORY 

FOR 1W-22 
MONSANIO'PHASE n RIIID 



0.200 

....... 

~ = 0.100 '-' 

.§ 
;;; ... 
E 
4.) 
u c 
0 
u 

0.000 

1980 1982 

l8l 
Non-detect 

1984 

0 
Detect 

/\,6RMON-A /'VTW-36 

1986 1988 1990 1992 
year 

FIGURE 
Vanadium CONCEN'IRATION TIME HISTORY 

FOR MORMON-A 
MONSANTO'PHASE n RI1ID 

• 

• 

• 



• 

• 0.300 

0.250 

0.200 

-~ 0.150 

5 
c 

0.100 .:2 
'a 
~ 
u 

0.050 tJ 
c 
0 u 

0.000 

1984 

181 
Non-detect 

• 
1986 

0 
Detect 

/\/1W-16 /'\/TW-40 

1988 1990 1992 
year 

FIGURE 
Vanadium CONCENIRATION TIME HISTORY 

FOR 1W-l6 
MONSANTO'PHASE ll RIIID 



3.000 

2.000 

~ 
c 

.._.. 1.000 
c 

·= ~ 
c 
u 
u c 
0 u 

0.000 

[81 
Non-detect 

1986 

0 

1988 

Detect 

/\/TW-42 /'v/TW-43 

1990 1992 
year 

FIGURE 
Vanadium CONCE\TffiATION TIME HISTORY 

FOR 1W-42 
MONSANTO'PHASE TI RIIID 

• 

• 

• 



• 

• 

• 

0.050 

0.040 

0.030 

3 
~ 0.020 
,:;. 

;; 
~ 0.010 
i:i 
~ 
u 

I 0.000 

t8l 

1990 

Non-detect 

1991 

0 
Detect 

/\/TW-53 

1992 
year 

/'JTW-54 

1993 

RGURE 
Vanadium CONCENTRATION TIME HIS10RY 

FOR TW-:§3 
MONSANTO'PHASE n RI1.1D 

1994 



• 

/\/TW-55 /\./TW-56 • 0.050 --

0.040 

-
0.030 --

-
..-
t:::"! 0.020 ea ........ 
c 

.!2 
;; 
~ 0.010 
0 
u 
c -
0 u -

I 0.000 

1990 1991 1992 1993 1994 

~ 0 
year 

Non-detect Detect 

FIGURE 
Vanadium CONCENIRATION TIME HISTORY • FOR 1W...S5 

MONSANfO'PHASE n RIIID 



·---
• 

/VTW-37 

• 9.000 

8.000 

7.000 

6.000 

5.000 

........ 4.000 -J 

~ 
3.000 -.§ 

;:; 
2.000 ... c 

u 
u 
5 1.000 
u 

0.000 

1986 1988 1990 1992 

181 0 
year 

Non-detect Detect 

FIGURE 
Zinc CONCENIRATION TIME l:llSTORY 

• FOR 'IW~7 
MONSANTO'PHASE n RIIID 



• 

1.400 
/\/TW-36 • 1.244 

1.089 

0.933 

0.778 

....... 0.622 

~ 
-=-c 0.467 
-~ ;; 

0.311 ,_ 
c 
u 
u 
c 0.156 0 
u 

0.000 

1986 1988 1990 1992 

181 0 
year 

Non-detect Detect 

FIGURE 
Zinc CONCEN'IRATION TIME IDSTORY • FOR 1W~6 

MONSANIDPHASE II RIIID 



--

• 

• 0.400 
/M6RMON-A /\/CALF 

0.350 

0.300 

0.250 

' 
0.200 

....... 

...l 

~ 0.150 + 

j 
.._ 
c 
.2 

0.100 ~ ... 
c 
0 
~ 0.050 l 0 u 

0.000 

1980 1982 1984 1986 1988 1990 1992 

1:81 0 
year 

Non-detect Detect 

FIGURE 
Zinc CONCEN1RATION TIME HISTORY • FOR MORMON-A 

MONSANTO'PHASE n RIIID 



• 

6.000 
/VTW-16 • 

5.000 

4.000 

3.000 
........ 

~ 
E 

2.000 ...... 
. § 
;a ... 
'E 

1.000 u 
u 
c 
0 u 

0.000 

1984 1986 1988 1990 1992 

181 0 
year 

Non-detect Detect 

RGURE 
Zinc CONCEN1RATION TIME HISTORY • FOR 1W-l6 

MONSANTO'PHASE n RIIID 



/ 
--·~' 

,_/ 

• 

• 200.000 

c 
0 

150.000 

100.000 

-~ 50.000 .... c 
~ 
u c 
0 
u 

• 

0.000 

1:81 
Non-detect 

1986 1988 

0 
Detect 

/\/TW-40 /\/nv-44 
/\/TW-43 

1990 1992 
year 

FIGURE 
Zinc CONCENIRATION TIME HISTORY 

FOR TW-40 
MONSANID'PHASE n R11ID 

l 



0.100 

0.075 

0.050 

.§ 
;;j 0.025 ... 
= 0 
u 
c 
0 
u 

I 0.000 

1990 

181 
Non-detect 

1991 

0 
Detect 

/\/-rn'-53 

1992 
year 

/\/1W-54 

-0 

1993 

FIGURE 
Zinc CONCENIRATION TIME HISTORY 

FOR 'IW-:§3 
MONSANIO'PHASE n RJ/ID 

• 

• 

1994 

• 



• 

• /\./TW-55 /\/TW-56 
0.100 

l 
0.075 

I 

! 
0.050 

l 
~ ~ --l 

~ 
-=-c 
.52 

0.025 ;; 

I 
.:: 
c 
IU 
u 
c 
0 
u 

I 0.000 I 

1990 1991 1992 1993 1994 

!ZI 0 
year 

Non-detect Detect 

FIGURE 
Zinc CONCENIRATION TIME HISTORY 

• FOR 1W...S5 
MONSANTO'PHASE n RIIID 



• 

• 

• 

APPENDIX L-4 

GEOPHYSICAL SURVEY REPORT 

Golder Associates 



• 

• 

• 

Golder Associates Inc. 

4104·148th Avenue. NE 
Redmond. WA USA 98052 
Telephone (206) 883-0777 
Fox (206) 882-5498 

October 12, 1992 

United States Environmental Protection Agency 
Region 10 
1200 Sixth Avenue (HW-113) 
Seattle, Washington 98101 

A TrENT! ON: Tim Brincefield 

Our ref: 913-1101.605 

RE: GEOPHYSICAL SURVEY REPORT FOR MONSANTO COMPANY 
SODA SPRINGS PLANT 

Dear Mr. Brincefield: 

Enclosed are 5 copies of our report on the recent electromagnetic survey carried out at the 
Monsanto Soda Springs Plant We have located four monitoring wells based on this survey 
and will re-evaluate the results and interpretation of the survey after installation and 
sampling of these wells. 

Please direct any questions regarding this report to Bob Anderson or myself. 

Sincerely, 

GOLDER ASSOCIATES INC 

~:;?/r:l//f r/;1/. ~/~~~A. " '•'/. L/7' · )·>,.u· {£ ~ ~ .. / ;,:.../'iv ;, .. "' " iv , /1 
David Banton ~J 
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1. INTRODUCTION 

An electromagnetic survey was carried out south of the Monsanto Soda Springs Plant site 
with the following objectives: 

• To assist in selecting locations for four planned monitoring wells south of the site; 

• To identify the extent of an electrically conductive plume thought to be migrating 
south (away from the plant site), within Basalt Flow IV (B-N}, at a depth of 
approxiJnately 40 to 60 feet below ground surface; and 

• To identify the presence of north-south trending fault structures south of the 
plant site. 

2. SURVEY PROCEDURES AND METHODS 

Four east-west survey transects were established, and surveyed at 100-foot intervals {Figure 
1). Two geophysical surveys were performed along the transects using electromagnetic 
(EM) induction methods. Electromagnetic (EM) induction surveys are very useful for 
delineating the horizontal distribution of electrically conductive sediments to depths of up 
to 30m. Measurements were collected at a total of 170 EM-34 stations on four transects . 
EM instruments induce an electromagnetic field via a transmitter coil and then measure the 
intensity of secondary eddy currents at a receiver coil located between 3 m and 40 m from 
the transmitter. The intensity of the secondary field is a function of the electrical properties 
of the subsurface and the separation between coils. Two instruments were used for EM 
surveys: 

• The EM-31 is a fixed-coil system with a coil separation of 3m, and an exploration 
depth penetration of 6 m (18 ft); and 

• The EM-34 is a variable coil system with separation distances of 10 m (33 feet), 20 
m (66 feet) and 40 m (131 feet), providing penetration depths up to 30 m (100 
feet). The EM-34 can be used in either horizontal or vertical dipole orientations at 
each of the coil spacings, allowing up to six measurements per station. 
Horizontal and vertical dipole orientations have different depth penetration and 
characteristic response functions used in interpreting the measurement 

The EM-31 survey was carried out in accordance with Golder Associates Technical 
Procedure lP-1.1-5. The EM-31 was operated in continuous mode, such that measurements 
were collected at 1.3 second intervals, corresponding to approximately a five to six foot 
horizontal interval over the ground. Fiducial markers were digitally coded into the 
recorder every 100 feet for use in later processing. The EM-34 survey was carried out in 
accordance with Golder Associates Technical Procedure TP-1.1-6. The EM-34 was used in 
both vertical and horizontal dipole orientation at 10 m, 20 m, and 40 m coil separations . 
However, measurements from in 40 m horizontal dipole were somewhat noisy and were 
not collected. Noise in this configuration is not unusual due to low signal strengths at this 
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spacing, and high sensitivity of the measurement to coil alignment, which is more difficult 
to control at this spacing. In the remainder of this memorandum, references to the EM coil 
separations will remain in metric units, while references to station locations or depths will 
be in English units. 

Survey conditions were generally good, with the exception of a number of barbed-wire 
fences which caused spikes in the EM-31 data. In addition, roads and associated power 
lines were excessively noisy and data gaps exist between coordinates 24+00 and 26+00 on 
all lines. The 40 m EM-34 coil spacing could not be used within the Monsanto Plant (Line 
EM-1) because of noise·t'rom the adjacent powerline. Each transect was walked and 
mapped (Figure 2) for significant features such as fences, ditches, sloping topography, and 
ground surface condition (i.e. soil or rock at ground surface). 

Additional information used in the interpretation of the results included an estimate of 
apparent conductivity of the saturated basalt based on observed water quality in several 
wells located at the south portion of the site (Figure 3). Apparent conductivity was 
calculated based on ionic concentrations for sodium, chloride, sulfate, bicarbonate, 
potassium, and nitrate, utilizing ion mobilities for these constituents in the following 
equation: 

Where 
Sw = Equivalent pore water conductivity (mho/m) 
C = Gram equivalent weight of constituent i 
~ = Ionic mobility of constituent i 

After calculating an equivalent pore-water conductivity, apparent conductivity was 
estimated using Archies Law: 

Where 
s. = Apparent conductivity of pore water and matrix 
Sw = Conductivity of pore water 
n =Porosity 
m = empirical constant generally between 1.5 and 2 

The calculations summarized on Figure 3 were based on a porosity of 5% and an Archies 
constant of 1.8. Total dissolved solids (TDS), as expected, varies linearly with estimated 
apparent conductivity (Figure 4), indicating that no significant ions were left out of the 
calculation of apparent conductivity 

• 

• 

Characteristic horizontal loop (vertical dipole) responses for a vertical offset or dike at 
depth were observed along several of the profiles. This response (Figure 5) is the result of 
the geometry between the resulting secondary fields generated in the vertical dipole • 
orientation, and the vertical feature. The characteristic response is most obvious when the 
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apparent conductivity becomes negative, but any large anomalous downgoing response in 
the vertical dipole measurement can, in the absence of other possible explanations, be 
interpreted as a possible vertical offset or dike. The negative or downgoing peak is 
interpreted as the location of the offset or dike. 

3. SURVEY RESULTS AND INTERPRETATION 

Raw data are presented as a series of profiles (Figures 6-A,B,C through 9-A,B,q including, 
for each transect: 

• The EM-31 continuous mode profile - "A" Figures; 

• The EM-34 horizontal dipole measurements at 10 m, and 20 m - "B" Figures; and 

• The EM-34 vertical dipole measurements at 10 m, 20 m, and 40 m - "C" Figures. 

The EM-31 results are the most sensitive to near surface soil conditions, and measured 
ground conductivities are a function of both the conductivity and thickness of the clay soil 
overburden. In areas where basalt is exposed at the ground surface, EM-31 conductivities 
are less than 3 mmho/m. Conductive overburden also affects the 10 m, 20 m, and 40 m coil 
measurements. In order to remove the effect of the soil overburden, a simple algebraic 
model was pr1ared, based on the response functions derived by the EM-34 
manufacturezl . The interpretation procedure is descnbed below. 

First, an equivalent two-layer model was derived using the shallow EM-31 data only, to 
determine the depth of overburden. A conductivity of between 30 and 40 mmho/m was 
assigned to the overburden, and a value of between 1 and 3 mmho/m was assigned to the 
underlying unsaturated basalt, based on the observed EM-31 response over basalt outcrops. 
This constrained the model such that the thickness of the overburden could be calculated 
from the observed EM-31 data only. In areas where EM-31 conductivity was low (i.e. basalt 
at or near the surface), low overburden thicknesses were calculated, while higher 
conductivities were calculated over thicker portions of overburden. 

The calculated overburden thickness was then used as the first layer thickness in a multi­
layer model using similar response function calculations. The multi-layer algorithm is not a 
single value function, and "equivalent" combinations of input parameters (conductivity and 
thickness} can produce similar apparent conductivity responses. Initially, a constant "layer­
cake" geometry was input corresponding to: 

1 Geonics, 1981, Technical Note TN-6 : Electromagnetic Terrain Conductivity Measurement 
at Low Induction Numbers. 

2ceonics, 1981, Technical Note TN-8, EM34-3 Survey Interpretation Techniques. 
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Unsaturated basalt- Layer 2: 
Saturated basalt flow top B-IV - Layer 3 : 
Saturated dense basalt B-IV- Layer 4: 

913-1101.605 

3 rnmho/m, depth 10 to 50 feet 
10 mmho/m, depth 50 to 100 feet 
5 rnmho/m, below 100 feet 

Conductivities of Layer 3, and in some cases Layer 4, were than varied to get the best 
match to the observed data. The model thicknesses for these layers represent the 
maximum depth of penetration for the vertical dipole coil spacings, rather than actual 
lithologic unit thicknesses. 

Borehole information indicates that the depth to saturated basalt flow top is 40 to 50 feet in 
the central portion of the site, and 80 to 100 feet on the eastern edge of the site. Therefore, 
predicted conductivities in Layer 3 should reasonably represent conductivity in the zone of 
interest The response of the EM instruments in layered systems is difficult to accurately 
model because of anisotropy and a non-linear response of the instrument This is 
particularly true when thin layers exist with high conductivity contrasts. In highly 
stratified systems, an equivalent model representing approximate bulk conductivity of up to 
three layers is often useful for identifying interface depths or conductivity changes along a 
profile. It is not possible to model more than three layers over a uniform half space due to 
anisotropy, non-linear instrument response, and equivalence (multiple layer solutions to 
observed response). 

• 

The results of the model are presented in a series of three profiles for each transect (Figures • 
10 A,B - 13 A,B): 

• "A" figures are the observed and modeled conductivities along the profile at each 
coil spacing; and 

• "B" figures show the modeled true conductivity of Layer 3, assumed to represent 
the B-IV basalt layer in the central part of the site and the B-III basalt layer to the 
east of the main fault 

The average error of the model (model minus observed) was less than 35 mmho/m for all 
coil spacings, and generally less 15 mrnho/m. 

Line EM-1 

Five offset responses were observed in the raw vertical dipole data at the 10 m, 20 m, or 40 
m coil separations at coordinates 7+00, 16+00, 19+00, 30+00, and 35+00 (Figure 6-C). 
These are interpreted to represent fault offsets. Between coordinate 8+00 and 4+00, a 
gradual increase in conductivity is observed, with the steepest increase occurring at 
between coordinate 7+00 and 8+00. This location corresponds to the previously identified 
major fault striking southeast through the plant site. The responses at coordinate 16+00 
and 19+00 do not exhibit the typical negative peak, but a downgoing response was 
observed at these location. Coordinate 19+00 is along the trend of the subparallel 
southeast trending fault identified in the southwest comer of the plant site (see Figure 1). • 
These two structures are thought to bound the plume migrating south from the plant. 
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Coordinates 30+00 and 35+00 do not coincide with a previously identified structure, but 
exhibit strong negative peaks. 

The interpreted model profile (Figure 10-A) matches the observed data reasonably well 
west of coordinate 26+00, but the entire length of line EM-1 could not be interpreted 
properly using the procedure outlined above due to a very high surface layer conductivity 
within the fenced area of the Plant. In order to apply the procedure outlined above, more 
than three layers would have been necessary. Instead, a uniform first layer thickness of 
3m was assumed, which is consistent with borehole logs at wells TW-12, TW-19 and TW-7. 
Layers 2 and 4 were then held constant, and Layer 3 was varied to produce the best fit to 
the observed data at the 10 m and 20 m coil separations. A good fit to the shallow EM-31 
data was not obtained using this method. Outside the fenced area (east of coordinate 
25+00), the outlined procedure was used and produced relatively good fit to the data. 

Modeled conductivity in the B-IV basalt between the two easternmost structures at 7+00 
and 16+00 peaks at coordinate 15+00 at about 30 mmho/m (Figure 10-B). This is consistent 
with the predicted conductivity based on water quality in Well TW-20. 

Line EM-2 

Four offset responses were observed in the raw vertical dipole data at the 10 m, 20 m, and 
40 m coil separations at coordinate 7+00, 17+00, 19+00 and 30+00 (Figure 7-q. These are 
interpreted to represent fault offsets. Coordinate 7 +00 is along the trend of the previously 
identified major fault striking southeast through the plant site. The responses at 
coordinates 17+00 and 19+00 do not exhibit the typical negative peak, but a downgoing 
response was observed at these locations. Coordinate 19+00 is along the trend of the 
subparallel southeast trending fault identified in the southwest comer of the plant site {see 
Figure 1). These two structures are thought to bound the plume migrating south from the 
plant. Coordinate 30+00 does not coincide with a previously identified structure. 

The interpreted model profile for Line EM-2 is shown on Figure 11-A. Modeled 
conductivities in the B-N basalt between the two easternmost structures at 7+00 and 
17+00 peak at coordinate 15+00 at about 30 mmho/m (Figure 11-B). This is consistent with 
the estimated conductivity based on water quality at well TW-20. Near background 
conductivities are observed at coordinate 10+00 and 17+00. These are interpreted to be the 
bounding coordinates of the plume. Soils are present between these structures which 
cause an increase in shallow EM-31 conductivities. Maximum thickness of the soils is 
estimated at about 3 m {10 feet). The three-layer model solution is only approximate in this 
area, as indicated by difficulty in matching the responses of the 10 m, and 20 m coils. This 
is likely due to a relatively thin high conductivity layer between 15m {45 feet) and 30m {90 
feet) depth. Conductivities east of the fault at 5+00 are slightly higher than those observed 
at coordinate 15+00, and similar responses are observed at both the 10 m and 20 m coil 
separations. This is interpreted to be due to a more extensive high conductivity plume 
(originating east of the Monsanto Plant) below a depth of 15m (45 feet), and east of 
coordinate 7 +00 . 
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Thicker clay soils west of coordinate 25+00 cause variations in conductivity at all coil 
spacings. Unlike the plume area around coordinate 15+00, an approximate fit can be 
obtained using a three-layer model with clay soil thicknesses of up to 7 m (23 feet). West 
of coordinate 30+00 (interpreted as a possible offset) conductivities increase to about 30 
mmho/m. This is somewhat higher than estimated conductivities calculated based on water 
quality at Calf and Mormon spring. Because the response can be approximated using a 
three-layer model, the observed conductivities are interpreted to be the result of natural 
high TOS soda water distributed uniformly throughout the basalt 

Line EM-3 

Four offset responses were observed at the 10m, 20m, and 40 m coil separations at 
coordinates 6+00, 18+00, and 34+00 and 36+00 (Figure S-q. These are interpreted to 
represent fault offsets. Coordinate 6+00 is along the trend of the previously identified 
major fault striking southeast through the plant site, and is consistent with the EM 
responses on lines EM-1 and EM-2. The response at coordinate 18+00 shows a negative 
peak at the 40 m coil separation and a downgoing response at the other coil spacings. 
Coordinate 18+00 is along the trend of the subparallel southeast trending fault identified in 
the southwest comer of the plant site (see Figure 1), and is consistent with observed 
responses on line EM-1 and EM-2. 

• 

The interpreted model profile for Line EM-3 is shown on Figure 1~A The interpreted true • 
conductivity of the B-N basalt increases above background (10 mmholm) between 
coordinates 10+00 and 20+00, with a peak of 2D mmholm at coordinate 17 +00 (Figure 1~ 
B). This area may represent the leading edge of the plume, with comparatively better 
water quality than along line EM-2. Soils are present between the faults at 6+00 and 
18+00 and cause an increase in shallow EM-31 conductivities. Maximum thickness of the 
soils is estimated at nearly 5 m (16 feet). The three-layer model solution is not sufficient to 
predict apparent conductivities at all coil spacings, suggesting a relatively thin high 
conductivity layer, similar to the observations on Line EM-2. Conductivities east of the 
fault at 6+00 increase slightly, but a reasonable model fit is obtained without increasing the 
conductivity of the basalt Thus, there is little evidence of a plume east of the major fault 
along this line. 

Offset responses observed at coordinates 34+00 and 36+00 do not coincide with previously 
identified structures, but are consistent with observed responses on line EM-1 and EM-2, 
suggesting two structures trending north-northwest Thicker day soils east of the road 
cause variations in conductivity at all coil spacings. Similar to previous lines, an 
approximate fit can be obtained using a three-layer model with day soil thicknesses of up 
to 10 m (33 feet). Modeled conductivity in the B-N is relatively constant near a 
background of about 10 mmho/m. 

Line EM-4 

Three offset responses were observed at the 10 m, 20 m, and 40 m coil separations at • 
coordinates 5+00, 10+00, and 35+00 (Figure 9-C). These are interpreted to represent fault 
offsets. Coordinate 5+00 is along the trend of the previously identified major fault striking 
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southeast through the plant site, and is consistent with the EM responses on lines EM-1, 
EM-2, and EM-3. The response at coordinate 10+00 shows a negative peak at the 20 m 
and 40 m coil separation and a downgoing response at the other coil spacings. Coordinate 
10+00 does not coincide with any previously identified structures and similar responses are 
not observed in this area on the other EM lines. No offset response was observed along 
the trend of the subparallel southeast trending fault identified in the southwest comer of 
the plant site (see Figure 1). 

The interpreted model profile for line EM-4 is shown on Figure 13-A. Modeled 
conductivities in the B-IV basalt are near background throughout the line (Figure 13-B). 
These results indicate that the plume may not have reached this far south and that 
background water quality could be expected in this area. Soils are present throughout the 
line, cawing an increase in shallow EM-31 conductivities. Maximum thickness of the soils 
is estimated at between 2 m and 5 m (6 to 16 feet). A thicker soil is modeled along the 
Little Spring Creek drainage. The three-layer model solution is reasonable on this line, 
indicating uniform layer conductivities. Apparent conductivities east of the faultcincrease 
slightly, but it is not possible to interpret a more extensive high conductivity layer on this 
side of the fault. 

The offset response observed at coordinate 35+00 does not coincide with a previously 
identified structure, but is consistent with observed responses on lines EM-1, EM-2, and 
EM-3 suggesting a structure trending north-northwest Thicker clay soils east of the road 
cause variations in conductivity at all coil spacings. Similar to previous lines, an 
approximate fit can be obtained using a three-layer model with clay soil thicknesses of up 
to 10 m . Modeled conductivity in the B-IV is relatively constant in this area at between 5 
and 10 mmho/m. 

4. SUMMARY AND RECOMMENDATIONS 

Figure 14 shows the interpreted extent of structures, plume(s) and background apparent 
conductivity based on the EM survey. Recommended monitoring well locations are also 
noted on the Figures. The results of the survey are summarized below, with separate 
summaries for areas east and west of the road at station 25+00. 

West of station 25+00, variably thick clay soils cause variations in observed conductivity at 
.all coil spacings. Based on the EM-31 measurements, the thickness of these soils range 
from 1 to 10 m. The conductivity of unsaturated basalt is estimated at about 3 to 5 
mmho/m based on measurements over areas where basalt is exposed at the surface. 
Modeled conductivities within the underlying saturated basalt in this area appear to 
decrease southward, from about 30 mmho/m on line EM-1 to about 5 mmho/m on lines 
EM-3 and EM-4. The decreasing conductivity southward could be due to deeper 
groundwater levels, lower IDS groundwater, or both. The ability to approximately match 
the observed responses using a simple three-layer model with variable overburden 
thickness suggests that conductivity in the basalt is likely due to natural groundwater, 
distributed unifonnly within the basalts. One previously unidentified north trending 

Golder Associates 



October 12. 1992 8 913-1101.605 

structures may exist in this area, based on a characteristic horizontal loop (vertical dipole) 
response. This structure can be correlated between lines. 

• 
The major fault identified within the Monsanto Plant site can be observed in all profiles 
near coordinate 5+00 for a total distance of 1,950 feet south of the Plant site. The 
secondary sub-parallel fault to the west can be identified only in the first three profiles near 
coordinate 18+00 for a minimum extent of 1,300 feet south of the Plant site. Thin clay soils 
cause variations primarily in the EM-31 measurements and cannot account for observed 
conductivity variations at larger coil spacings. Conductivity changes are therefore present 
in the underlying saturated basalt between 15m (45 feet) and 30m (90 feet). A plume of 
elevated conductivity groundwater appears to be present between the subsidiary fault and 
the major fault with a maximum extent of between 650 and 1,300 feet south of the fenced 
plant area. The 1,300-foot distance probably represents the leading edge of the plume, 
which has a conductivity about two times background levels. The 650-foot distance 
represents the minimum distance of the "core" of the plume with conductivity about three 
times greater than background. The elevated conductivity appears to be localized within a 
relatively thin zone, based on the relative responses at various coil spacings. This is 
consistent with previous interpretations of the hydrogeology. A more uniform distn"bution 
of elevated conductivity groundwater would produce similar responses at all coil spacings. 
A distinct and separate area of elevated conductivity is present on the east side of the main 
fault, near State Highway 34, on line EM-2 A distinct conductivity contrast is not well 
defined on the two southerly profiles (EM-3 and EM-4). The area east of the main fault • 
has a higher conductivity and appears to be more vertically extensive based on similar 
apparent conductivities at increasing coil spacing. 

Based on the survey, the following borehole locations are recommended and are shown on 
Figure 14: 

• TW-53 Line EM-2 coordinate 20+00. Located west of the subsidiary fault; 

• TW-54: Line EM-2 coordinate 15+00. Located in the core of the fault bounded 
plume; 

• TW-55: Line EM-2 coordinate 10+00. Located on the eastern edge of the fault 
bounded plume, but west of the main fault; and 

• TW-56: Line EM-2 coordinate 3+50. Located on the east side of the main fault 
near Highway 34. 

Once the boreholes have been drilled, and groundwater samples collected, a re-evaluation 
of the geophysical survey will be performed to refine the interpretation of the 
hydrogeology south of the Plant site. 
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PROPERTY DESCRIPTION 
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AGAICUL T\JnAl PRACTICES 

How many man-hours are spent preparing soil: 
\00 

How doep Is the sol tilled: 
\0-\ ·· e 

FERTlLaERSIPESTICIOESIHERBICIDES 
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LIVESTOCK 
Number of Types of Feed 

Type of Uvostock Quantity Ages Acres Used Feed Used Sources 

. 
Describe where livestock are sold or shipped, and for what purpose: 

LJvustock Mowement 
Are livestock moved to other properties throughout the year,lf so describe other locations: 
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Uvest---ca- PiVdUcii - .. 
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jPROPERTY D I 

' I 
\Ne.me of property owner: LD5 ChucGh I Property ID: 

I
Narr.e of property manager/tenant: JQ.mm , ~ (ole, - ?y1- ~--13'0, Date: ..-.+-'-..._...~~ 
PrcpeMy address: • I Surveyor: l . . no oad(f53 
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! Property area: 
\Area In agriculture: 
Locstion description: 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 
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Seasons or work: 

EXPECTED FUTURE LAND USES 
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AGAICUL TURAl PRACTICES 
Describe how the ground Is prepared for planting (e.g., machinery used): 
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._.{7a,..h \ ( 7 t'. + ,....-.\\"\ \\ 
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1\t\h ftr'O~ t""ur :rn"'- 1..J..) ·I Dtl·::, :·:, :·,I/ tr (Y)OLLf)d,. 11 nn u-cCfED r-

.;;). - '4 'D l i) {.,(('.._ ( ?...... h.,.:.-- 'I u 6 v ~DYG {I '·fuJ {'.~ 
I I 11 \ 

---4··-· --- - - - -- - --· .. ·- - -
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• • 
CROP PRODUCTION 

bli~Y Where is 

t«ct"e Number of Growing Irrigation Produce 
Type of Crop Quanlfly Acres Used Season Used? Sold or Sent? 

t__wMGt ,.. 5D foO lf=hu- Aua nv [<:(:")("\a. ~1"\G 
bo.r\eu t\. .5o 1oo .J I. J I I I t ' \1 

Water Sources, If '"igaled: 
f"'r\Q-» 

Describe crop rotation schedule: 
\--aD boP() tko Lnllt I ~ 111')0 ·-rh, s tCS l!.<.Utt( 11 J kn.J {_SLLI 

., 5+" Lt&u ~L 1 h:tc1 l .Jh.on_-::F ' ' 

• 
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LIVESTOCK 
Number of Types of Feed Water 

Typo of Livestock Ouan'!!y Ages Acres Used Feed Used Sources Sources 

Describe where livestock are sold or shippe~. and for what purpose: 

UYB&tock Movemenl 
Are nvestock moved to other properties throughout the year I If 10 describe other locations: 

How long are each type of livestock kept at this location: 

What seascms of the year at this locatfon: 

· uwstoa Pioauct8·-·--·-··- ·-· -· ----· - . --· . ... 

Descrfbe commercial products (e.g., meat, wool, other) produced by livestock: 

Describe livestock products (e.g., eggs, meat, dairy) us~d by property residents: 

f--· ·-- -
-

• • • 
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PROPERTY DESCRIPTION 

• Name of property ownar: L D~ ~(A("~ Property 10: ~'B 
Name of property manager/tenant: :::= ( ~c;;6 I Data: (e,(11Cf3 
Propeny address: 00 Otid c .e .!2 'S Surveyor: \lr., 1-PS 

I 

Property area: l~~, ~ o..cv-e~ 
Area In agriculture: ~~~~ ~s;d:eS I 
Location description: 

I 

·Norl-h o+ 1--fo()sa.n-1-b · PtCc-11-t-
, 

1 
_. 
. 

Township: QS Range: ~....;s Sectlon (nearest 1/4 1/4) !-=-n V"'t.o; l';)..t: 'Se.c.b Of\~ 

RESIDENT/LAND USER INFORMATION 
-rss ~ ~tao, z.q J tOJ 

How long has the propert~been In current ownership: ·I 
c· J_ I 

""I.A. J tv. ""\U.J" ., t 

C€ \IOJ'I 'S h.P QJ"\ ~""'\nO t+ ~..,. ~ l1Pr7 V'6. ~ Mnl'i Dvd- V'\~ 
I Dt"Vl. ...f'h..l Ut\rJ.Y r:.k I'Yi-=:. l>~.t"'d t+ · l"'i<?2rl -ft.) cc; .II Sc.J + L"'-Ju. ( 1-hA 

·ust p~vious owner(s)ldate(s) of sale: · ~ 

t'-1ule-. CQ..II o.n q.- Gh n "5 'i'hP J n~ -r- l<cu.J I .nJ ~ 

• I 
! I 
INumoer/ ages of people res.Jding on property: 

• Y'\O()e., 

Length of residency per year {seasonal or year-round): . 

~A. 

How mry pesr;:; work on property but reside el~where: 
- I. eLf ( C(.,.(') I 

i 
I Dally hours: rQ br:2/ t-4r 

Number of days/year: 
Seasons of work: ::S.?O~ I ~u..d)~ ) k'l 

EXPECTED FUTURE LAND USES 
-~~ 

I 

OTHER LAND USE COMMENTS 

!PHOTOGRAPH NUMBERS AND DESC~PTIONS I 

12AU j ;~r 1 ':l.. _...+-, · .L "."' --:"" ~ · J I ,. ,... _,... I . -..JI ""' ~ . - ..) ll.o/VI'-'' "Cl 

•• -:~ I 

l'"\0n.>w 
i 



vb! ,,t:.U. 
~(biCtde: 

Ub lc:.tcf...( 

AGRICULTURAl PRACTICES 
Describe how lhe ground Is prepared for planting (e.g., machinery used): 
f'~u Lb v~J:t>r 
w__uro l.A,)e, Y'" 
.f' C2 l" E::, l I 'L e. r"' -t- _d nllt. ......-

What tlme(s) of year Is the soiJ preparod for planting: 
·pq;~ I r Ha..u 

I 

How many man-hours are spent preparing soft: 
2a h r6.Lue.o...~ 

I I 

How deep Ia the soli tiRed: 
(0-id. •I 

FERTIUZERSIPESTICIDESIHERBICIDES. 
List the fertiRzers, 

• • • 

.. 
lr. 

~ 

~. 
I 

C1> 
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-.. en 

~I 

.. 
~· 
""' ...... 
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• 
CROP PRODUCTION 

10\.L~l-e. Number of 
Type of Crop au an lily Acres Used 
bc.u-'\eu I~D-5'S- too 
wJl.qr.t:JJ- fl')--5~ '-'\5 

Water Sources, If Irrigated: 
OA-

. 
Describe crop rotation schedule: 

eue.xvt t-1-tf' t!.R_ (.k"_f~ ~ 
' u 

.......... - '... . ···~ . 

• 
Growing Irrigation 
Season Used? 
C"1VJ .LJ - Q.;f no 

H' " -no 

• 
Where is 
Produce 
Sold or Sent? 
I"S Ot'iu c.Jiil"l n-£l 

I) 

.............. - ·-·--·-··-----···-····--···-------· 

.. 
en 
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(I) 

R 
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0:· 



LIVESTOCK f\o t luesfoc_(c_ 
Number of Types of Feed 

Type of Llvostock Quantity Ages Acres Used Feed Used· Sources 

Desatbe where livestock are sold or shipped, and for wh&t purpose: 

UYBBtodc Movement 
Are livestock moved to other properties throughout the year,lf so describe other locations: 

How tong n each type of livestock kepi at this location: 

What seasons of the year at this locatfon: 

UvestOCTC Proaiict.S - -

Descrfbe commercial products (e.g., meat, wool, other) produced by fivestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

-

• • 

Water 
Sources 

• 
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,. 
I 

• 

.. 

PROPERTY DESCRIPTION ~IYA.VIOtte. C::7W1ne.J - '54~- 32. "2.~ 
"D:::u.Je. C..leCj~ - S'-11- .3 o'Z.~ 

Name of property owner: I t:JJ.~+- of- Ghu..r!otte.> Sa! .c.t=Hle) 
Name of property manager/tenant: 'J):Mdld C:lcZ~@ 
Property address: 

ou 02Idces~ 

Property area: ~0 ucres 
Area In agriculture: Z{'X) oa::e~ 
Lc;;:atlon description: 

d\f"e<..-~lA rY">lt'h D+ \-1(Y'\~J..f"'\'Th Pr~ 

Township: B~ Range: Lj2..E; Section (nearest 114 1/4) 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 

'- ?Jo UPOf 

· Ust previC?us owner(s)/date(s) of aala: 
rl('j(')~ 1uY.>~ 

Number/ ages of people reaicfing on property: 
. furuL 

Length of residency per year (seasonal or year-round): 
l 'j Pr-

How many people work on property but reside elsewhere: 
\\0(\..Q_ 

Daily hours: DA 

Property 10: 3 
Date: . ft.:; I S 7 C{'o 
Surveyor: \Ju_fo~ 

I 

I 
'Dt'11'1- n~ s<:ck. ~ 
' 

I 

I 

I 

I 
I Number of days/year: (Ufl.. 

Ll- 5 [.Af'('~l 
Seasons of work: fUll-

EXPECT~~FUTURE~SES c. R. - Gilot1t£LV" 
' T 

OTHER LAND USE COMMENTS 

PHOTOGRAPH NUMBERS AND DESCRIPTIONS 
~o\\ 1. ~ \'2. t7hoto -trJ..J..o.J) WrY\ tn nhJr 

• ) . 114'-f3' ()(}~ - 1"\()~p(ic::;+ 

i.e/e 10. ~ "2- v. 

"' : vte n... o ~ 1, 6; 'I-
'0 ·. ;-z,. " f.f' 3~ ~ 
1?:0-:1- ( 

I 

(~ ~-j. ?Y:'J \(y~ 1!'0 
I 



AGRICUL T\JRAl PRACTICES 
OeSCJibe how the ground Is prepared for planting (e.g., machinery used): 

What tlmo(s) of year Is the soil prepared for planting: 

How many man-hours are spent preparing soil: 

How deep Ia ~he soli tilled: 

FERTII.IZERSIPESTICIDESIHERBICIOES 
List the fertiRzers, paatfcldas, and herbicides uaad on the PI uvm ,,. 

Quantity Number of 
A~ed Man-Hoursl Application 

Type or Trade Name !per Year Application Method 

- - .. 

• • 

m 
I 

""' I 
CD 
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Cll 
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[.1) 
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• • 
CROP PRODUCTION 

Where is 
Number of Growing Irrigation Produce 

Type of Crop Quantity Acres Used Season Used? Sold or Sent? 

Water Sources, If lrrfgaled: 

DeSGrlbe crop rolallon schedule: 

• 

. ·-.. ·····--·· -·---··- ····-··-----------·-· 
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LIVESTOCK 
Number of Types of Feed 

Type of Livestock Quantity Ages Acres Used Feed Used Sources 

Describe where livestock are sold or shipped, and for what purpose: 

Uvustock Movement 
Are livestock moved to other properties throughout the year, If so deacrlbe other locations: 

How tong are each type of livestock kept at this location: 

What seuons of the year ar this locatfon: 

Uvestoei PJOdllcts 
. . - . 

Describe commerdal products (e.g., meat. wool, other) produced by &vestock: 

Describe livestock products (e.g., eggs, meat, dairy) us~d by property residents: 

• • 

Water 
Sources 
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SE\1 BY: SEATTLE 
.. 

• 

• 

• 

I 

PROPERTY DESCRIPTION / 
Name of property owner: H~ v: I WellS - 5L{J- 841 S"' Property ID: ~'-1~1\:-17--::---4 
Name of propany manager/tenant ?"e, Data: I.D I 1 I 'I '2> 
Propeny address: 1$o3;:t£ 'S~f'l~"1fi 'I)WVi ru Surveyor. ya..~c:.. 

-a so 
Property area: lo40 f.J!£2 GLees ( orrt, .... ~ c..c.'--e~ w tM11 t'i 
Area In agriculture: 1-1 y.. ~ /. r - (/ ":J ~ U. I V- or t'Ylc::(\'~(;4~ ) 
Locatjon description: I 

t'Y1r+h- rv;B-'ht...Y-'<ct- ~ ~Ol~ PrrJ..l'lr 

Township: _...._B.t.....CO.=....... __ Range: Lr2e: Sectlon (nearest 1/4 1/4) 

RESIDENT/LAND USER INFORMATION 
How long has the ~~party been in current ownership: 

~~(\~j) \"'-'\-~ ~ 

Ust previt;)US owner(s)/date(s) of sale: 
lf)l, v P( ·a_ "?)\"'" Du.)fJ~y-" ' ~ ~_n 

Number/ BQes of people residing on property: 
Q /. ~'S \ (o3. 

I 

Length of residency per year (seasonal or year-round): 
lo t""Yvl ()"t1-l ~ 

How many people work on property but reslde elsewhere: ro . 

Daily hours: uer 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 
\y"){)e, 4-n -sell ;t'\ \Qq ~ 

OTHER LAND USE COMMENTS 

lh~ o+ Se.c...+ tCf 
c CJ(.c_e...pt- "t'hR.. ).)(..0 I c:ame.r') 

IP~TOURAPH NUMBERS AND DESCR!fTIONS I 



AGRICULTURAl PRACTICES 
Deseribe how tho ground Is prepared for planting (e.g., machinery used): 

a. t"lh 

How deep Ia the soli tilled: 

'~ 

FERlli.JZERSIPESTICIDESIHERBICIDES. 
List the fertiRzers, 

.. 
V> 
("Tl 
;a; 
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en 
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• 
CROP PRODUCTION 

bu.sk..t..y 
(lc%e; Number of 

Type of Crop Quantity Acres Used 
_bif Te.i.J - C...,.rd ·--;;-_. 

~P>O'-II 
T (....,0 

Water Sources, If lrrfgated: 
lJA 

Describe crop rotation echedute: 
'S 11 J'h('y) p_.,- k. 1 ..lnt • ") 

loO ~s {a..c.re. 

• 
Where Is 

Growing Irrigation Produce 
Season Used? Sold or Sent? 
NY.t..u ... Oc.~ dvu I~ S'orir'Yl~ - ~ 

.:J 
~I 

• 
Ct. SprH''ltj-:, 6 \ ~\I ~tor 
+- 3\rn J:nUL.f""p"l ~s \ 
~~'5 -~~ (&..nut>ff) 

0> 
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~ 
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co 
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LIVESTOCK 
Number of Types of Feed 

Type of Livestock Quantity Ages Acres Used Feed Used Sources 

Describe where livestock are sold or shipped, and for what purpose: 

UV8810Ck Movement 
Are llvestoclc moved to other properties throughout the year, If 10 describe other locations: 

How tong •e each type of livestock kept at this location: 

What 98asons of the year at this locatfon: 

U""veS10CiiPiididi ·-

Descrfbe commercial products (e.g., meat, wool, other) produced by lvestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

• • 

Water 
Sources 
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PROP IPTION j 

• Name of property owner: Hu ( \ WaAI S 
ame of property manager/tenant --~-~~t=T-~:~e;:;.'J-r--------

Property address: · pO ~f.J"'J6 

Property 10: -~'---~ 
Date: 
Surveyor: 

Property area: 
In agriculture: 

Location ,..,.. •. ,.r:, •• ;,.,,.,. 

RES;JDE~T./LAND USER INFORMATION 
33 

How long has the property been in current ownership: 

of aala: 

on property: 

• Length of 

How many people work on property but reside ,., ..... w,.,.., •. 
no 

aily hours: 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE UNO USES 

·~----------------~~~--~ 
10 .liS / Co.ft>t . 



AGAICUL TURAl PRACTICES 
Describe how the ground Is prepared for planting (e.g., mactdnery used): 

What tlm9(s) of year Is the soil prepared for planting: 

How many man-hours are spent propar1ng soil: 

How doep Ia ~he son tffted: 
.. . 

FERTlUZERSIPESTICIDESIHERBICIDES 
Ll he lllzers tfcldo herblct he stt fert ,peat s. and des used on t I J11 UJIUHJ • 

Quantity Number of 
Ap~led Man-Hours/ Apprecatlon 

Type or Trade Name !per Year Application Method 

- --· 

• • 

--
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• • 
CROP PRODUCTION C'K? Ln_nd 

Where is 
Number of Growing Irrigation Produce 

Typeol Crop Quantity Acres Used Season Used? Sold or Sent? 

Water Sources, If Irrigated: 

Describe crop rotaUon echedcJa: 

• l/J 

~ 
::..J . 
t:l:' 
--< .. 
(/) 
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0> 
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LIVESTOCK 
Number of Typesol Feed 

Typo of livestock Ou11ntity Ages Acres Used Feed Used Sources 

Desatbe where livestock are sold or shipped, and for what purpose: 

Uvustodc MCMJmeflt 
Are livestock moved to other properties throughout the year, I so describe other locations: 

How long are each type of livestock kepi at this location: 

What 188.sons of the year af this location: 

·- UveStoel( ProdUcts -· 

Describe commercial products (e.g., meat, wool, other) produced by livestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

-
-

• • 

Water 
Sources 
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en 
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• 

PROPERTY DESCRIPTION Bl...\1 - 3 :iW&> ( 

• .-..ame of property owner: CJo..rKe... 6Cl5'WJ\..: 
Name of property manager/tenant ~ 
Property address: DQ odd cqS-5 

Property 10: -~~~~ 
, Data: 

Surveyor: 

Propeny area: 
Area In agriculture: 
Location description: 

:.rh 

Township: _--!iae~5'-_Range: y fS Saotlon (nearest 1/4 1/4) 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 

• Number/ ages of people reaiding on property: 
0 

Length of residency per year (seasonal or year-round): 

How many people work on property but reside elsewhere: 

u..rt: 

Dally hours: 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 



----------------------------------------------------------

• • 
AGRICULTURAL PRACTICES 
Dcscrlbo how tho ground Is prepared for planting (e.g., machinery used): 

('_, J ... l-h \..Jr:t h~ r-
f);; ..YY'1))A_) 

~n.rt"r \ 1?.P + ~c\ 
What tlma(s) of year Is the soil prepared for planting: 

«Yv. .1.....\ 
r 

How many man-hours are spent preparing soil: 

~~ hr::s/u.r 
·~ 

How deep fa the soU tflled: 

L\ \nc...0e5 

FERTIUZERSIPESTICIDESIHERBICIDES 
List the fer11Rzers, 

• 

0> 
I 
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01 ..... 
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CROP PRODUCTION 

~ 
Where Is 

Number of Growing lmgatlon Produce 
Type of Crop Quantity Acres Used Season Used? Sold or Sent? 

cr 
1-%.("\e.(...\ - ~(2 a::\ t>o-bO '"\~ lrm.u-~ no YQC\OlL "'";::. G?l.e .)OJ:o ~-"" 

wh£itl:: ~~ ' 

Water Sources, If lrrJgated: 

PA--

Describe crop rotation echedule: 

-'"-t ~I .J J 0- ~ I w:=r:._r-:"\ ne. ric r~ ~ 3 - 4 · ut"'Cl.r~ Cn)o J { Y\Jl 
. ('n--o . -, J 

" 

. . . -· . - . -. _.,. ....... - ···-· ... -·-· --···· .. --·- --·- -- .. 

•• • 

CJ) 
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• • 
f\A/'"'1 \ _, 

I 

LIVESTOCK T·~ 'lU~ utOct 
Number of Typesot Feed 

Type of livestock Quantity Ages Acres Used Feed Used Sources 
hor~_<.,. Q '7 5 CJ.Lr~"'-. oraS5 hcu..f \1\~ ...fo.rM 

v ' I 

Describe where livestock are sold or shipped, and for what purpose: . ._,A 

Uwstoc:k Movement 
Are livestock moved to other properties throughout the year, If so describe other locations: .. 

ho 

How long are each type of livestock kept at this location: o\ 
ueur .r\J1.A1)1 
v 

What seasons of the year althls location: 
U<U£ Ylnuld 

" 
IrvestOCii PJOdUcts 

-· 

, Descrfbe commercial products (e.g., meat. wool, other) produced by livestock: . u~ 

Describe livestock products (e.g., eggs, meat. dafry) used by property residents: 
~-

Water 
Sources 
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PROPERTY DESCRIPTION ' 

Name of property owner: C\cu~ ~rrrwa Property 10: 56 
Name of property manager/tenant "5-~ Data: (de Jet~ 
Property address: OQ addc:g,~ Surveyor: \.Yt~ 

I 

• 
Property area: ,. ~f2l9 z&ta: T2o i40 ::2.<20 a.c: 
Area In agriculture: "- 1zt;90 <JUUS -"2..-t-JO acre.. 

' Location description: 
. 

\ rl\rt\ I' t1c Cvttl u eCLSf'".-4- ~<2~~ ok PIG..nt l 
Township: B5 Range: !:iZ:~ Section (nearest 1/o4 1/4) (.h.(~ _o-f- <::;~( +lt"Y\S 

!RESIDENT/LAND USER INFORMATION . 
2.<1 .. 32.. 

I How long has the property been in current ownership: 
<.,nCQ.. RB(o 

lUst prevl~us owner(s)Jdate(s) or aala: 
i flJ...A.. ~ ...\,-, ·-ri?. 

I 
I I 
'Number/ ages of people residing on property: 

rDh~ • 
Length of residency per yer_js;;_aonal or year-round): I 
How many pe.ople work on£~rty but reside elsewhere: 

\ - -( ,\r.~.A.JZ. lAJt'-.. · I 
I 
I Daily hours: -f).. 3" fl'\D(\~ 71 J~ -rqHC5 "'""~> f <d,... 1 

Number of days/year: 
,_., 

Seasons of work: ~rns) 

lrriu.sL 0 EXPECTED FUTURE LAND USES 
(7..on.ad ~.t.lY\_0 

I I 

OTHER LAND USE COMMENTS 

PHOTOGRAPH NUMBERS AND DESCRIPTIONS t\Ol""th ... wrruu-
Qoll .;:f \ , -1t 4 )CO\:.IVlCA 1 ~~..f- L IT f\ lfu...n~.r:~ \'1t""A t u..rv ~ 

J ~r,...., ' Ca.I\ut""Y'\ ed J 
I • • I 



• • 
AGRICUL TUAAl PRACTICES 
Describe how rhe ground Is prepared for planting (e.g., machlneryused): 

f'w-h tJa~tDY'" \ 
hU..«I>tA-1PA' ... ' 

-.t:otflt,7 oJ r + <_.p~ rl1n q c\ VJII 
What tim~ year Is the soil prepared for planting: 

J..~J 
I 

How many man-hours are spent preparing soil: 
,.... t50 hf~ I u r 

1\.) 

How doep Is the soU tilled: 
'-\ · \he Jhe5 . 

FERTIUZERSIPESTICIDESIHERBICIDES 
Ust the fertilizers, tfddes. and herbicides used on the """',_,_ 

Quantity Number of 
A~led Man-Hoursl 

Year 
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CROP PRODUCTION 

bu5MlJI 
o.Lre Number of Growing 

Type of Crop Quantity Acres Used Season 

ba..t' ll"'.u - f-~ed hJ-loo 240 mr,u,~ 
WhJlQ..-(:- J 

Water Sources, If lrrfgaled: 
lJA-

Describe crop rotation echedde: 
ueo.r-- ~ la""_) 3-L\ UQCLf-:5 'no...rleJ....t , 

v I .I J 

•• 

Whore Is 
Irrigation Produce 
Used? Sold or Sent? 

d'C \/t1 .. n () u:s ma. 
u 

' 

A-LI Ur"'"" I ~/l.....{'af-
-,~ I 

fLn 
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~ 
R 
~ 
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• • 
LIVESTOCK 

Number of Typesot Foed 
Typo of livestock Quantity Ages Acres Used Feed Used Sources 

Describe where liYestock are sold or shipped, and for what purpose: 

LJwstodc Movement 
Are livestock moved to other properties ttvoughout the year. I so describe other locations: ,. 

How long are each type of livestock kepi at this location: 

What 998!10ns of the year at this location: 

UveslOCK'Products -- -

Descrfbe commerdal products (e.g •• meat. wool, other) produced by livestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

Water 
Sources 
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SE\T BY: Sf.-\ TILE . 6- 4-93 1:54PM GOLDER ASSOCIATES-

1 

PROPERTY DESCRIPTION L.tllt.{ ....- 7 
Name of property owner: Ira.. ~lis - 5~1- ~ ~:JO Property 10: Co 
Name of property manager/tenant: Date: 

Property address: Surveyor: 
• 

Property area: ~~Q ec c.c~s (.'"' l.bO cc.c.re s ur+h1n Zkm o+: ()1on s 
Area In agriculture: e:= 11 · s =: zoo- 11.o0 
Location description: - z.eo c.c.c:.re'5 ( ~ ~S c .. .:~t*icn 2.."-m oF (hans::;.. h 

Ci..Grera..ae-" nOfT'h o-C li'10A<r. n+-c ?lrL-"'+ 

Township: as Range: ~~E. Sectlon (nearest 1/4 1/4) i":YI~4f! c~ 

RESIOENT/LANC USER INFORMATION 
T~0")'5 2R) ZQ 

How long has the property been in current ownership: I "Sir\ CD.. 1q (o 3 ' 

jUst previous owner(s)/date(s) of aale: 
l)ecd-un 

I 
I 

Number/ ages of people residing on propeny: • nc>()e, 

Length of residency per year (seasonal or year-round): 
lVPt I ···-

I 
How many people work on property but reside elsewhere: I nore.. 
i 
I Oaily hours: 

Number of days/year: 
Seasons of work: 

EXPE~TED FUTURE LAND USES Qv \C'"IY--v-\ onh 1 . IC1Y-:f- ·- \r~rv:\ do r ( l'"\ Q.ll't tor-
lo t 1e(l..(-s a Yl"'5IA. ')~ iYY'1~~ I 

oJ IJ. 

OTHER LAND USE COMMENTS 
' ·-'\. .. 

!PHOTOGRAPH NUMBERS AND DESCRIPTIONS . 
I 
I 

Rn n .L ~ 10 \cok..1n6\ ~~ ~ I ..-1- r 
I C:."'" -~ ~ • ,....,.~ 

lvJ I dr-JU ~f:_ !Vw r o~t'\.Q r :,) 

~ ~e.c:..k 1ol"'\ 2C • 



• • 
AGRICULTURAl PRACTICES CKO lane 
Describe how the ground Is preparod for planting (e.g. • machinery used): 

What tlma{s) of year Is the soil prepared for planting: 

How many man-hours are spent preparing &Oil: 

How doep Ia ~he soli tilled: 

FERTilJZERSIPES11CIDESIHERBICIOES 
Ust the fertinzers. peatfddes. and herbicides uaed on the IJI UJftR ,,. 

Quantity Number ol 
AppDed Man-Hours/ Applcadon 

Type or Trade Name !per Year Application Method 

-- ·- .__ 
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CROP PRODUCTION CJZP: \U..\'\cl 

Number of Growing 
Type of Crop Quantity Acres Used Season 

b-l_("\e"-4 
-h \\ (_ __>hpu_:.t, 

Water Sources, If lrrfgated: · 

Describe crop rotation echedule: 

.. ·-- ... - ·-·· . - - . .. ...... .... . .. . . . .. -· . .. -.· " 

•• 

Irrigation 
Used? 

• 

Where Is 
Produce 
Sold or Sent? 

m 
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• • 
LIVESTOCK hO: \ pJe 5-\vck:.. 

Number of Typesot Feed 
Type of llvustock Quantity Ages Acres Used Feed Used Sources 

Describe where livestock are sold or shipped, and for what purpose: . 

UVBStock Movement 
Are Uvestock moved to other properties throughout the year,lf so describe other locations: 

How long are each type of livestock kept at this 1ocatlon: 

What seasons of the year at this location: 

Uvestoek ProdUcts 
Describe commerdal products (e.g., meat, wool, other) produced by Hvestock: 

Describe livestock products (e.g., eggs, meat, dairy) us~d by property residents: 

------------------------. 

Water 
Sources 
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SE\i BY:SEATTLE 
. I· 

: 6- 4-93 1=54PM GOLDER ASSOCIATES-

I 
2085473312:; 3/ 6 

PROPERTY DESCRIPTION (no pnot'\Jl.) 
Name of property owner: ThomQ~ C£11Gr\ - .. - -- Property 10: Q_ 
Name of propany manager/tenant: ~ale C£\1~- ~:1- uq 1 Data: (.pletCf-::z. 
Property address: Surveyor: \A~t-~s 

Y'D Qdd(e.~~ 
I 

• 
Property area: ,_, i~ QQ E=3 80 Cu:...r7a 
Area In agriculture: ~L.{ ~ '-Ce.S 
Location description: 

I 

rb~fll"~~ ok tJv.nS(~ ~ I 
Township: BS Range: \..\ '2.. 6- Section (nearest 1/4 1/4) '\'o.f+s c* c;ec...\:"1 ~ 

I 

"2..t\ ... '2.0 
RESIOENTJLANO USER INFORMATION 
How long has the property been in current ownership: 

/'- ~it"'\r.t ~qV)Q I 
I 

Ust previous owner(s)ldate(s) or ~a: .. 
k.navu ( Mr l.on" 

. 
(o llr.t.n) . . ~~;J... t~ 

' 

Number/ ages of people residing on property; 
(nrnl)~tu ~-ro·~ ~~d~ \ - -f'noYYl t"';. <:. LLil c; n ' • I {Z...Y)."" ~\.)If?/ r,' LD 'S'-tn \ 

Length of residency per year (seasonal or year-rou~~ J 

~1a r rcnA.n 
() I 

How many people w~n pr~erty but reside elsewhere: 
t - 1 1\h~ ( ~Jla.n I 

Daily hours: L-\ \.-\v-"5 1 {;r.)e -c..-k--
Number of days/year: • 

Seasons of work: ~r"Nj l s;wnow:J Pill 
EXPECTED FUTURE LAND USES 

. ~ ./Y\R___, 
I 

OTHER LAND USE COMMENTS 

PH~~OGR1PH NUMBERS AND DESCRIPTIONS 
~~t'h- ~o,I.{.J-h11'e~+ ~ 'bl\ , ~ -=1- \f'Y"""~~ .1na -fb ~ 

.I 

-Tnu'rt l·v"l< ..1 ·"' U. • I ..._) 

)0·.~ "' 
,;~3~ ')'.. 



• • • 
CROP PRODUCTION 

bk.S~ Where is 

()_(,(' Number or Growing ln-lgatlon Produce 
Type of Crop Quantity Acres Used Season Used? Sold or Sent? 
LUhOfd:; .:;f" ql.{ 

1 Han- f1tlq _d.t!A ~ 

or ht:u\e-<-t \.J -..} 0 
. ' 

Water Sources, If Irrigated: 
r\JP( 

Describe crop rotation schedule: 
Yr.tA .. lu.A, n1hfl1.D Q) ~mar (QJk0 LCS-l...td.J 1 .~. 1 · Cho1DS 

c:\- I I )\'\. 0 ("'A -Ji!- ' . 

··- --~·······--- ____________ ,.._. 

·- .... - .. ' .. - . . .. ···: . . .. 
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AGRICULTURAl PRACTICES 
Deocrlbe h~w the ground Is prepared for planting (e.g., machinery used): 

Cl.L.A.b vevtvr 
~ 
5..Q~d 

What tlmo(s) of y~ar Is the soil prepared for planting: 

~DY\f'O\ 
• ../ 

How many man-hours are spent preparing soft: 

:v B h('"~ I LV\ 
I 0 

How doep Is the soli tflled: 

~-8 tn,.--·h 
.. 

FERTIUZERSIPESTICIDESIHERBICIDES 
List the fertiRzers, atfcldes. and herbicides uaed on the IPW'ftll'1anvo 

Quantity Number of 
A~ed Man-Hours/ 
er Year A tlon 

::> ~ 0\"- whcd:- ~d.D otJ we.ed.o ~ ~ In C(._ 

CJ..Vfun ~ea,c . 

• • • 
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U> 
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• 
LIVESTOCK 

Number of Types of Feed 
Typo of livestock Quantity Ages Acres Used Feed Used Sou roes 

cow \()0 u 5\IJ(.. tV 1,.,0 h~ - '1-JA f..:Jc.. 
horses ~0- -~ ~ JJL J . ) ~- A)c.. 
. Q...(a \0 id ~ .aY ~ 1 rt14l-- /JC-

1 I 

Describe where livestock are sold or shipped, and for what purpose: 
. . : Y\0 _GOm fY\.e("\-t" 

lJvaatock Movement 
Are livestock moved to other P.OfJBflles throughout the year, lr so describe other locations: 

mo ued GL<..J.-r, hu 6.l..t.,mrYUL{ m~-+n-s · 

How long are eacl type of livestock Jepl at this location: 
Cl1WS - .D rY\0")\ l::1 r\ s 
~~~ - (tJ . . tv\~ .... "'s 

What seasons of the year at this locatfon: 
L6LOS - Wt fH-o.f' 

V"v1v-til.S- , J:J•~er 
UvastaPfiXIUcta 
Descrfbe commercial products (e.g., meat. wool, other) produced by lvestock: 

rl1lif>- tw..6..h 
CnCr1 - IV\OG..Jt-
" " 

DescrlbR livestock products (e.g., eggs, meat, dafry) used by property residents: 
. (l)q- . 

• 
Water 
Sources 

IW<Uti cr 
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.:lEK ·BY:'SEATTLE : 6- 4-93 ~ 1·:54PM ; GOLlER ASSOC l ATES- 2085473312:: 3/ 6 

GY-:t - Y 'f .z.q 
!PROPERTY DESCRIPTION 1<-e.ll Gli' Whv.Ltr" 
Name of property owner: Q 8 1 1 ~' ~mv Q~[l Property 10: 8 
Name of property manager/tenant: [ sa..Me. Oats: (p l~lq3 

'oo:rg~ny address: ~5Lcr -D ~~£~ ~~ Surveyor: l ir~rPS 
I 

Property area: ~·~ 02211:~ 
,, 

~ 

Area In agriculture: ... If] t) j I ( ', {fi~ e tn1 '77 . • 
Location description: c CA,.C... re. ..:, 

!Township: g<; ~ Lr2..~" Section (nearest 1/-4 1/4) "2.9 ~W'/~ of IJG y._, 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 

\ l Je:cu- St()C1. \Ci'Gd 

List previ~us owherlsJtoat~(s) or_aale. Arrl 
n:,y..~ .1. f'"5en 

v-

jNumber/ ges -~ .5. re~uiny On C.~WlJallf; ~) • 51 s·, , lL? "2. u-riLtJf~ 
7 

[Length of raaid~:~• .... 7 per year f,aa~sonar or year-ro;~: 
r At". o.r t'1r1\..n 

J 

How many people work on property but ~eside elaewhere: t54- . 
i 

Daily hours: \...)~ 
Number of days/year: 
Seasons of work: 

!EXPECTED FUTURE LAND USES 
C:.CJIY\€.-

10 I H~A LAND USE cnul. 
'"' J l::i 

IPHOTOGRAP,~ ~UMBERS AND DESCRIPTIONS 
. - • ' 



• • 
d AGRICULTURAl PRACTICES f\.I_Q_ (rY\ l u..f) 

Describe how the ground Is prepnrod for pfanting (e.g., machinery used): 

What tlme{s) of year Is the soil prepared tor planting: 

How many man-hours are spent preparing soil: 

How deep Is ~ha sol tilled: 

FERTIUZERSIPESTICIDESIHERBICIDES. 
cl List tha fertilizers, pestfcldes. and herbl des used on the 111 u~ ,,. 

Quantity Number of 
Ap~led Man-Hours/ AppHcaUon 

Type or Trade Name !per Year Application Method 

-· ··- 1--
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CROP PRODUCTION f\.)_o fc,c(YY\ ( Cif) J 
Number of Growing Irrigation 

Type of Crop Quantity Acros Used Season Used? 

Water Sources, If lrrfgated:· 

Describe crop rotation ~e: 

•• • 

Where Is 
Produce 
Sold or Sent? 

(J) 
I 

.p. 
I 

~ 
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> 
V) 

R -a 
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• • 
LIVESTOCK 

Number of Types of Feed 
Typo of livestock Quantity Ages Acres Used Feed Used Sources 

hL)y-s...e_ s Q ·~""' /tlhc; ( (I( ~ 
1

drr.tS~ 
I t1Jtrthr- . ht.u l\etdt . Chn~ .~ 

' 

Describe where livestock are sold or shipped, and for what purpose: 

lJwstock Movement 
Are livestock moved to other properties throughout the year. If so describe other locations: 

How long are each type of livestock kept at this location: 

What seasons of the year at this locatfon: 

Uvest"OCk'ProauciS - -· 

Describe commercial products (e.g •• meat, wool, other) produced by Ovestock: 

Describe livestock. products (e.g .• eggs, meat, dairy) used by property residents: 

-

Water 
Sources 
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• 
SE'\T 6~': SE~TTLE 

GOLDER ASSOC l ATES-

1 

2085473312:# 3/ 6 

l 

PROPERTY DESCRIPTION I I I 
Name of property owner: ~ ~U.os Property ID: '1 
Name of property manager/tenant-• ~0'Y\-e I Data: c_,{~lq3 

Property address: : Surveyor: tAGxaS 

~~ 
t 

m 

• 
Property area: ~ 2 '}.-0 ULr{. ~ 
Area In agriculture: J- I s~ u..c.r~~ I . 
Location descriptiort: .. \ 

"'1"'\0'~vJ..keA~ ms.r 0~ 't r-.c.:rtt"o ?vl~ l 
Township: ~~ 

Range: t..\"2.. e Seotlon (nearest 1/4 114) ~of- SectiC'Y"\~ 
I •-

RESIDENT/LAND USER INFORMATION 
-rs s e42E 32 

jHow tong has the property~ in current ownership: 
11"'1s ~~l.e 5 

~\r'"\CJ... \ct I 
I 

lUst previous ownar(s)ldfle(s) or aale: 
·Ve.f'"nC. . ...\ t"TOJ ~In "S - \q5o's 

' I 

Number/ ages of people residing on propany: • ()O(UL 

Length of residency per year {seasonal or year-round): 
'r\J Pr" 

. 
I 

How many people work on property but reside elaewhere: 
( - I .1i m1 \-6 kr"f"\c:; . I 

l 
l 
r Dally hours: ~0 ~ ~ nr-s I uea.r-

Number of days/year: 
J\.. I~ ·~(~~~t:" Seasons of work: C5:po q ·~ mJJ 

EXPECTED FUTURE LAND USES . 
l ()8'. c;:..cJ..Y"f\1?. 
I 
I I 

I 

I 
OTHER LAND USE COMMENTS 

I 

PH~GRA_1H NUMBERS AND OESCRlPTIONS f'Pr.f-h"Lc.le2~~ 
\\ _ ~ '? ./ lot) v 1 "'C4 1"\() Y-+"h-~ {:: }(. rart="...en ~ 1 rb<; 

~~'Yl r ;-{ <. IY\QA<..G~ v • 
I 



• • 
AGRICULTURAL PRACTICES 
Describe how the ground Is prepared for planting (e.g., machinery used): 

(A 1 Lb uCLh:>C 
1 

weecle. r , .fe.rt:t I' z c. +- sgg c{ ______ _ 

planting: 

How many man-hours are spent preparing soil: 
\n 

FERTIL.IZmSIPES11CIDESIHERBICIDES 
List the rer1111zars, tfcldes, and herbicides uaed on the nrnlnart~ 

Quantity Number of 
Ap~led Man-Hours/ 

Year A atlon 
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CROP PRODUCTION 

~~ Number of Growing 
Type of Crop Quantity Acres Used Season 
Whiu.k 140~ ,... \<80 IW:u1-AA.a 
L ~~ .I~ I I I I 

. I 

Water Sources, If Irrigated: 
l)A-

Describe crop rotation ""'.c;::t= J 
~St,u'Y\mor· JLri.A. 

. . . ..... _ .. 

• 

Irrigation 
Used? 

()() 

• 

Where Is 
Produce 
Sold or Sent? 

SodG. Snnna ~ e<..u:tvr ~ 
' ...J 

. 

m 
I .,.. 
I 

~ "1 . 
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• • 
LIVESTOCK 

Number of Types of Feed 
Typo of livestock Quantity Ages Acres Used Feed Used Sources . 
f-• 

Descr1be where livestock are sold or shipped, and for what purpose: 

.. 

Uvustodt Movement 
Are livestock moved to other properties throughout the year, If so describe othor locations: 

How long are each type of livestock kepi at this location: 

What saasons of the year at this locatfon: 

llvestoaProducta 
. 

Describe commercial products (e.g •• meat, wool, other) produced by Hvestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

-
-

Water 
Sources 
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., 
SE\1 BY: SEHTLE 6- 4-93 (:54PM ; GOLDER ASSOCIATES-

1 

2085473312:: 3/ 6 

PROPERTY DESCRIPTION ' 

Name of property owner: I1J.U.r:iL -+- C~1rs I~ISb Property IC: IO 
Name of property manager/tenant: :::c,...rpE? Data: f.D_f e to..~ 
Propeny address: l~JG. ~~~ L.a.-t'\...t Surveyor: lJ.,.-:_r~ s 

:CD I 

I 

• 
Property area: I~ dLt:f 
Area In agriculture: 5 '(X);.S-hAK'e - hcx-s..es 
Location description: or;. 5 a,..t..Ft;.u .fo_-.. c:nQ.~":) mLfd'v...r~ 

(\r.~eCt.-s+ N\~~ ... "'+n D·v-.JYT-

Township: ~~ Range: u~E" SeotJon (nearest 1/~ 1/4) [j(;i N6 'AJ n~ DE 'I~ 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 

511lr..r \C\C{O 

lUst previous owner(s)ldate(s) of aale: · . 
· ·va..n 6~rf\..Q r- . 

I I 
i 
~Numbf,J jges of people reaiding on property: 

3e -'- 3{p , l 3 , II , . ct • 
I J 

Length of residency per year (seasonal or year-roun~: 
t.u. a..r r"''lA..n 
u 

How many people work on property but reside elaewhere: 
Utk · I 

I 
I Daily hours: .. ~ f.lr" l Number of days/year: 

Seasons of work: 

EXPECTED FUTURE LAND USES 
<,~ 

I I 

OTHER LAND USE COMMENTS 

PHOTOGRAPH NUMBERS AND~~RIPTIONS 
ro nhn.ro? .... 

' II • 
I 



• 
CROP PRODUCTION 

bl.(.ska." 
Number of Growing 

Type of Crop Quantity Acres Used Season 
1 a 1 rtAHi nrJ..U lr\~~ t:> ffu _u (.- Al.C\ 

c:i. a'Yl. ~ m, k J -' 
II 

Water Sources, If Irrigated: 

UPr. 
' 

Describe crop ro_tallon echedda: 
Ptll7X"U UPr.r- c..hJ..ty.£1\ Da~+w-~ 

~r -I 
t H :s' ct. v .e,r .-s ~ v .., 

• 
Where Is 

lrrlgallon · Produce 
Used? Sold or Sent? 

f\() lrno_r~a.( oS€ 
r 
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AGRICULTURAL PRACTICES : 
Describe how lhe ground Is prepared for planling (e.g., machinery used): 

tlAl_t\_lJc.. wr .. 
lrv . .L~ 
"-"..Od . 

What tlmo{{;;;~ar Is the soil prepared tor planting: 

l\ Dr illG..u 
• ' 

How many man-hours are spent preparing soil: 
L~ h~.~ 

I v 

How deep Is lha soU tiled: 

b-~ fYIGh 
I 

FERTII...IZERSIPES1110ESIHERBICIDES 
usa the rart11zers, peatfddes. and herbicides uaed on lhe P'~•r· 

Quanllty Ntnbetof 

~ Man-Hours/ Applcatlon 
Type or Trade Name · lperYear Applcatlon Method 

~ 

·- - --··-

~no ~ef1;11 \ z_er or ~rblctdo:s o~c\ 

• • 

--

-.. en ,. 
~ 

> 
(h 

R -
~ 
(h 

• ·-------· J 

"~ c 
CD 
Ul 
~ ...... 
(.,) 
(.,) ,_ 
IV .. 
11 

""'" ·-. 

• ,_'T. 



• • 
LIVESTOCK 

Number of Types of Feed 
Type of livestock Quantity Ages Acres Used Feed Used Sources 
hoy-~~ l-1- 5 L..t - 11- ~ oJhLl.fi.t. h1M 1fuc r 1zutrv1 

_.,CNI.~ 
u 

Describe where livestock are sold or shipped, and for what purpose: 
l)Pr 

LhBstock Movemenl 
Are livestock moved to other properties throughout the year, If so describe other locations: 

(\{') 

How long llf8 each type of livestock kept at thfs location: ~J 
. tJf_LLt""" tOlAYJ., 

0 

What seasons of the year at this location: ( 
l xur YlJlA.hc 
v 

Dves10CiPRKiiCi8-
Describe commercial products (e.g., meat, woo~r) produced by livestock: 

Describe livest~ products (e.g., eggs, meat, dairy) used by property residents: 
uA-· 

~ 

Water 
Sources 

we II I ..JO.~r 

-

•• (/l 

8 .. 
co 
-< .. 
v. 
!;!? 

~ 

(J) 
I 

.. 
~ 

> 
lJ) 
lJ) 

R 

a 
···---·----.. -- J 

1.;. .. 
II 
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I c 

' ~~ 
PROPERTY DESCRIPTION :r. 7 0-cJr J 

Name of property owner: 01~)20 ~ · (a:uQ~ (.:;5o>6 f'n)party ID: ' ) Name of property manager/tenant Date: (pJ ~let 3 
Property address: \9C\3:: ~bo~ L..cA.ne Surveyor: lJCJf-e>~ 

Sod C4. -spo C!2@ I 

Property area: \d-Y-,_ ~ au:.~!2 
(Sheet> S<'a.z·u--,9 ""). +-house Area In agriculture:~ ~a.a~ 

Location description: 
ll..JrTn<2u...c;r- ~ Pla-m- I 

Township: €rs Range: ~'2- E Section (nearest 1/4 1/4) 12'1 ~ '/..., c* t..JE. '/c.J. 

RESIOENTILAND USER INFORMATION 
Hew long has the property been in current ownership: 

. ~(j ueCl<'" 

Ust previous owner(s)ldate(s) or sale: 
~("J f"\ \ ..:e v ·, t-t - dPreo...c;.-e · 

' 
I 

Number/ jges of people residing on property: 
Q to5 \ Co\ I 

I 

Length of residency per year {seasonal ~3ar-round): 
UPO..r .,. Y'OLA () 
.J I 

How many people work on property but reslde elsewhere: I n~ruL.· 

Daily hours: ~)~ 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 
4'JrYlQ...I 

I 

OTHER LAND USE COMMENTS 

PQOTOGRAPH NUMBERS AND DESCRIPTIONS 
L. 'n\\ ~ :tr. (,., lnl""\r...tnu ~,, l.:f'"hP175+ ('\(" IA"hw~1- COatQr 1 r 1 rr\ 

ri- . ("\f'l '")() (7 .... -.k.....l 

' I 

I 

/ 

• 

• 

• 



• • 
AGRICUL nJRAl PRACTICES. no .fa_.,.. (Y") l o..n c( 
Describe how the ground Is prepared for planting (e.g., machinery used): 

What tlme(s) of year Is the soil prepared for planting: 

How many man-hours are spent preparing soil: 

How deep Ia ~he soli tflled: 

FERTIL.IZERSIPESTICIDESIHERBIClDES · 
Ll h f 10 tf Ide d herblcld st t e art zers, pea c s. an d he esuse on 1 _1:11 UtRJH J • 

Quantity Number of 
AppUed Man-Hoursl Application 

Type or Trade Name per Year Application Method 

-·. 

-

• • u . 

8 
-~ .. 

(J) 

~ 

~ 

0> 
I 

""' I 
co 
(,) 

.. 
en 

""' il! 

> 
(J) 

R 
~ 

.. ·- ·-------- l 



CROP PRODUCTION \'0 w('('l \o..nri 
Where Is 

Number of Growing Irrigation Produce 
TypeofCr~ Quantity Acros Used Season Used? Sold or Sent? 

-

Water Sources, If Irrigated: 

Describe crop rotation achedula: 

·-. . - . -··-- --··---------····---· ·-·····-·· ···-····-··--- ----· ·-·· ····----···. .. ·-· ·---- .... ·--·­·--······-··"-·-·-·No o 

• • 

a> 
I 

-.. 
01 
~ 

~ 

-
~ 

--·-···· --· --·---·- 'f 

• 



• • 
LIVESTOCK 

Number of Types of . Feed Water 
Type of livestock Quantity Ages Acres Used Feed Used Sources Sources 

9ugj) 2.0 UA \'2 'r\oJ...l C.l r?J...% . ')u, k Chn~\e.o;;t(\ aJJe..\ \ 
lO-mb ?_t:, l-JA ~ ' J 

Co.J:;t:t.L ~ '7 . 

Describe where livestock are sold or s~ped. and for what purpose: 
\dr~~ ra..Ll~ ~ wsttm - l'Y\.Q..o....-t -t woo\ 

Uvostock Movement 
Are livestock moved to other properties tta-oughout the year, If so describe other locations: 

r\0 

How long are each type of livestock kept at thfa location: 
u~Ox'- y-{) lA.l"1d 

' ,. 

What seasons of the year al this location: 

Uvestocli PrOdUcfa - · - -

Descrfbe commercial products (e.g., meat. woof. other) produced by Dvestock: 
mea..+ 
lJc:P\ 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

~ dcesn.-t h:tue 6nllf ca.H11l ()Q1.J bu.k t'l1l(\ht. U"\ tl\e ~tu..re 
dependi.n9 OJ p(lr.~ 

• 
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1 

PROPERTY DESCRIPTION 94~- 4!.PY \ 

Name or property owner: ::Jo.<A C.basmoSen 
Name of property manager/tenant 5rAtt"V'-B. 
Property address: \~0 'P~br'l~ LajLg 

_d~ ~-00_5 

Propeny area: 
Area In agriculture: 
Location description: 

Township; -~.::.......~~...-_Range: _..;.U::.s.U"""""::__Section (nearest 1/4 1/4) 

RESIDENT/LAND USER INFORMATION 

I How long has the property been in current ownership: 
I . lq q 

Ust previous owner(s)ldate(s} or aala: 

~(\ 

How many people work on property but reside elaawhere: 
- ~ - n~n · 

Daily hours: 
I Number of days/year: 

Seasons of work: 

EXPECTED FUTURE LAND USES 

OTHER LAND USE COMMENTS 

2085473312:: 3/ 6 

• 

V\(3::) hr-s J~r ft>,.... 
-11'\,Q Clc.Ae ~ W1+h1 '1 \ 
2\::m ~ ~Q.Ol )) 

• 



~rbta.cl 

• • 
AGRICULTURAl PRACTICES 
Describe how the ground Is prepo.rod for planting (e.g., machinery used): 

I I 

What tlmo(s) of year Is the soil pre pored for planting: 

How deep Is tha soli tiRed: 
-\4. 

List tha fertilizers, 

• 

.... .. 
en 
"'" ~ 

> 
(J) 
(J) 

?S 
> 
nJ 
(J) 

• ·-------- J 

-· ,, 



CROP PRODUCTION 
l:v.Skk\ Where Is 
acr-~ Number of Growing Irrigation Produce 

Type of Crop Quantity Acres Used Season Used? Sold or Sent? 

Describe crop rotation echedde: 
et..>t'U''-1. J -6~ -1- u €0.. r ~ 

I 

•• • 

m 
I 

~ 
> 
(J) 
(J) 

R 
> 

G! 
.......• ---- ...... ·-··--·--·--- .. -··· ... ____ J 

• 

1-.:. 
C· 
CX· 
IJI .... 
.. I 
(.) 
(.) ,__ 
I~ 

II 

Ul 
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• • • 
LIVESTOCK 

Number of Types of Feed Water 
Type of Livestock Quantity Ages Acres Used Feed Used Sources Sources 

~e..f rc.J:t.t f) \n:> O-lD ' - "2.--- ICll(u.L~ mu arrn...v l=rv~oo Six t 
h{)y~ s 4 to-Il '1..0 IWr\~r- h'l.u ·J 

..., 
..v IJ''}'-'J I 1."lr do'...-

~1mMIJ( .. .-'k..1L.t. c ncu.c;,...c ..... 
u 

Describe where livestock are sold or shipped, and for what purpose: J 
(!ul::tlo - d.nuwh.tu \n ~ o CO'LtntvCA - TdrJ\o. f.Jtbr?J.s\tn- ht7e..f 

' 0 ( 

Uvestock Movement 
Are llvesrock mo"ed to other properties throutout the year, If so describe other locations: ~ 

(\!}~ VOnt _fuW: ~rf'Ll.f__ UJU:,_ _'ld)_ t')\Q...U - C. ~ 
' v • 

CuJfu c,-t o U?cl __ fJn orooerl-u l(\ LJtnltr_ t:Jnl..J r k...lo\1 - rY\G...u 
How long are each type ot livestock kepi at this location: ' ..... (f 

-~ rn~-th 

What saa90ns of the year a( this locatfon: 
· w t nt"e.r--

llvest"Ciei ProdUciS - -- · 
DesCribe commerdal products (e.g., meat, wool, other) produced by Rvestock: 

rv\.JL4k 

DeScribe livestock products (e.g., eggs, meat, dairy) used by property residents: 

not\L 

-
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, 

PROP IPTION 

Name of property owner: :--~~"'+~..:...;....:.:.~~=:;...~.:::::l...L-~~::::.~ Property 10: ----"----1 
Name of property manager/tenant: Oate: 

perty address: Surveyor. 

Property area: 
Area In agriculture: 

ILI;lii;BIJon description: 

RESIDENT/LAND USER INFORMATION 
3.:1 -4-- 33 

How long has the property been in current ownership: 
I\... 

~Nhu~m~b~e7ld~a~g~e~s~off.p~a~o~phle~~~~o~n~p~ro~p~e~ny~:~--------------------+-----------------_j ~ 
D 

or year-rou 

How many 

Daily hours: 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 

~ 



• • 
AGAICUL TUAAl PRACTICES 
Describe how the ground is prepared lor plantl~ (e.g., machinery used): 

Cu)-h va.t-t>r c.Jeeder:_ ·('~v t:\ l i -z.e + 'So ed . I 

What tlme{s) of year Is the soil prepared for planting: 

c;:;onnu 
...J 

How many man-hours are spent preparing soil: 

~) h,--~ /u~a...r 
. I J 

How doep Is the soU tflled: 
lo \(\~./\-u ~ 

FERTIUZERSIPESTICIDESIHERBICIDES 
Ust the fertilizers, tfcldes, and herbicides used on the nrn111A1'1tvo 

Quantity Number of 
Ap~lled Man-Hours/ 
erYear A 

• 
,. 

-

I/· 
rJ 

~ 
OJ 
-<. .. 
Vl 

~ 

~ 

0> 
I 

.. 
en 
~ 

~ 

> 
(J) 

R 
~ 
(J) ·---·-- t=======t======+===============f=-=..=.=-=-=-==--=.=.:::--===========-=-=--=1·-- . ·--------I 



CROP PRODUCTION 

t».sNz.Y 
Q.c....r~ Number or Growing 

Type of Crop Quantity Acres Used Season 
har\e..u L\() ~ I t'J'\a.u. - Au.c4 
C tl_P (f 00 v --:::1 

Water Sources, If lrrfgatad: 

kiPr 

Describe crop rotation ~dufa: 
~CU'Y\ 1')\Q__~ . '• 11..CJlA) 

• 

Irrigation 
Used? 

no 

• 

..... 

Where Is 
Produce 
Sold or Sent? 
17);do. 'SOV111~~ 

• \J 

v, 

~ 
to 
-< .. 
lJ) 

~ 

~ 

.... 

> 
(I) 

R -
~ 

.................. - ···--- ---------- ..... ------ J 

• ·'7 



r-------------------------------------------------------------- ------

• • 
LIVESTOCK 

Number of Types of Feed 
Typo of Llvastock Quantity Ages Acres Used Feed Used Sources 

Oescrlbe where livestock are sold or shipped, and for what purpose: 

LJV8Siotk Mo¥oment 
Are Hvestock moved to other properties throughout the year, If so describe other locations: .. 

How long are each type of livestock kept at thfs location: 

What seasons of the year al this location: 

DvestOCkProdllcts -· 

Dosafbe commerdal products (e.g., moat, wool, other) produced by livestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

Water 
Sources 

-

• V> 

1). 
~ 

til 
-< .. 
v. 
~ 

~ 

m 
I 

..... .. 
Cl1 
(II ., 
a: 

> 
V> 

R 
~ 

. V> 
-···- -------- J 



PROPERTY DESCRIPTION 

Name of property owner: H011c:Cl..t'1~ ~~~ft?oJ Property ID: (L-( 
Date: tdl/~.3 Name of property manager/tenant: Lc .... C, K...tS 

Property address: 
I Surveyor: I I jC:__;t-~C::::, • 

I 

Property area: -~ 5k0 G .. C(ec-~ C.. mCYlS: .. fYh~ Pk~.rn-) 
Area in agriculture: .(... 30 GLi'Q"S 
Location description: 

hm.(_nrid~ u rl- H~. a Ptcz.t~ -loc.~-~ ~-lrrY\0 ~ c/G.CSK,_rh 

Township: ~s Range: Y2..E Section (nearest 1/4 1/4) -~Z ~u.)i/<.J 

RESIDENT/LAND USER INFORMATION 
How long has the property been in current ownership: 

5\(\.(\Q .-,q5Q 

List previous owner(s)/date(s) of sale: 

I ('.r i~ tG c.(, h ~, ... ," \ tX--.:f' i b l w v' e. r nG I . , )~· f-rr v') · j()S 
I I '" -

Number/ ages of people residing on property: 

\10~ • Length of residency per year (seasonal or year-round): 

~ 

How many people work on property but reside elsewhere: 
\ ~ LG...r(l.l t+Dnic.ln S ... 

Daily hours: .._?{) bc;s 
Number of days/year: 
Seasons of work: .r:=; p [) l)CJ I ~ IJ 11) ().U.o_( £'-U I. I 

EXPECTED FUTURE LAND USES 

1£1 tid t'()au nz, oser:t 1 (\ -t11ti -hJ. :l:u...t'JZ.J (a")~r-,, hi. . ~ .<"-J.-_v:-_~n u.~ 
IGQLJ\ bu' !-tnr6CLIIm ·-fD.,.. 

~'LL.l_r 005 tf" <'-
'(")f1 I ' 

' .. il"" -MIG..n 
~G..f m, I".C\ ( oe_r l...Q r-ru +4r1n I' _inc:-~ 

OTHER LAND USE CeMMENtS " 

PH~GRAPH NUMBERS AND DESCRIPTIONS 
~II . .:::J . "#=' I <o ( I co 1U ,..,q ~t:1 ct-h_t J€~-r -h~~"'rl t+T0i·)Lt~~ ..... , 3'-l 

' ' • 



• • 
AGRICUL TUAAl PRACTICES 

Describe how lhe ground is preporod lor planting (e.g., machinery used): c\ 
('u tt:lv~bY ... t. "-~ -:'U7r, &~h lt7e.·+- SP~ · ·-

What tlme{s) of year Is the soil prepared for planting: 

~AV"t nC\ 
' 

How many man-hours are spent prepartng SOil: 
lO hf' I U r 

'· J 

How deep Ia the soU tfUed: 
(o ., . 

FERTIUZERSIPESTICIDESIHERBICIOES 
list the fertilizers, lfcldes. and herbicides used on the ....,..,nftl'i..,. 

Quantity Number of 
Ap~ed Man-Hours/ 
erYear A 

-·---'-==-=====~t:=====-=t==============t-=-====-=:.====-==-=-=-=---=====1 

• 1.1· 
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CROP PRODUCTION 

bM.~~,Y 
d£.rtl,; Number of Growing lrrlgatfon 

Type of Crop Quantity Acres Used Season Used? 
tx)..( le.«--1 _40 ~(') I rY'v.u - At .~._ c; r'\l) 

' 

Water Sources, If Irrigated: 
0Pr 

Describe crop rotation IChedute: 
~ ilYI rrta-r fn.\ l n.J 

• • 

.. 

Where is 
Produce 
Sold or Sent? 
-:YJG(C\. 5(;)(l)X) ) 61et..Utor 

I( \ 

v, 

~· 
txl 
-< .. 
Vl 

~ 

~ 

m 
I 

""' I 
t.O 
(.) 

.. 
g 
~ 

> 
(J) 

~ -
~ 

•...• ··-···.·······- ---------·- -·. ···--- J 

• 
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0:· 
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··I ,...., ,...., -~-..:-.. 
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• • 
LIVESTOCK 

Number of Types of Foed 
Type of livestock Quantity Ages Acres Used Feed Used Sources 

Describe where ivestock are sold or shipped, and for what purpose: 

Uvustodc Movement 
Are livestock moved to other properties ttvoughout the year,lf so describe other locations: 

How long •a each type of livestock kept at thls location: 

What seasons of the year at this locatfon: 

ITvestoei"ProdUcta 
Describe commerdal products (e.g •• meat, wool, other) produced by livestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

-

Water 
Sources 

-

• 

-.. en 

~ 
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R 
~ 
(./) 

·-· .. ·-·---··-- J 
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... '. I 
fPROPERTY DESCRIPTION 

SS41-- ~ ~o'lo 
Name of property owner: thCl~OJ~Q -+ tn.2~~D~ C1 Property 10: \5 
Name of propeny manager/tenant: I Data: 

Pro~ny address: Surveyor: l Jr ..J-oe::;. 
I 

Property area: •
4 4W 6\o:o(e!> 44"0 (.300 wrt1'D '2- ~o-F HOYtSCJ 

Area In agriculture: "" ;!,~ t2;~ZI~s ~ . 
Location description: 

I 

~as~ ck P\6-n-i- l 
Township: 6~ Range: ~'2..-e:: SectJon (nearest 1/-4 1/4) TIC Jr' 11" r* "'.P r _ rlt'V"\ 

33 
RESIDENT/LAND USER INFORMATION 

gs L..\'2.-G 33 
jHow long has the property been In current ownerShip: 

~5 42-~ ~ IJ.JWY'-{ 

lUst previ~us owner(s)ldate(s) of aaJe: 

I I 
i I 
Number/ ages of people reSiding on property: 

Length of residency per year (seasonal or year-round): 

I 
How many peopie work on property but reside elaewhere: I 

I 
i 
I Daily hours: 

Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 

I 
I 

OTHER LAND USE COMMENTS 

PHOTO~RAPH NUMBERS AND DESCRIPTIONS 
.nl\ \ ... ~ ?, look IV'\a 6o\A~ ~ r- lrl'1.; J , . 

I 

( "). \1.4 '."\" \.. 

-:''ii IC' !? y. 
-/0 \~ .3"' "-

\=3' ~ ,.. 
¥":>~~~ 

t~rCO i­
t't ·.u,o-,'-

('(i (\(j(Y'\ ~d 

• 
~ 

• 

• 



• • 
AGRICULTURAl PRACTICES 
Describe how the ground Is prepnrod for planting (e.g., machinery used): 

. 
What tlmo{s) of year Is the soil prepared for planting: 

How many man-hours· are spent preparing soil: 

How deep fa ~a son thled: 

FERTil.IZERSIPI:STICIDESIHERBICIDES 
List the fertiRzers, paatfddes, and harblddes used on the Jl'utnn .,.. 

Quantity Number of 
Ap~ed Man-How&/ Application 

Type or Trade Name per Year Application Method 

- - ,. ___ 

• 

m 
I 
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I 

CD 
(.) 
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(J) 

R 
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(.f) . ·-------I 
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CROP PRODUCTION 

Number of Growing Irrigation 
Type of Crop Quantity Acres Used Season Used? 

Water Sources, lf.lrrfgated: 

Describe crop rotation ~e: 

. . . . .. - ...... ,. 

• • 

Where Is 
Produce 
Sold or Sent? 

.. 
g 
~ 

> 
(.1) 

~ 
~ 
(.1) 
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• • 
LIVESTOCK 

Number of Typesol Feed 
Typo of llvostock Quantity Ages Acres Used Feed Used Sources 

Describe where livestock are sold or shipped, and for what purpose: 

lJvostod( Mo¥on1ent 
Are livestock moved to other propet1les ttwuughout the year, If so describe other locations: 

How long are each type of liYestock kept at this location: 

What seasons of the year ar this location: 

- UvestOCiPrcKIUcta -

Describe commerdal products (e.g., meat. wool, other) produced by livestock: 

Describe livestock products (e.g., eggs. meat, dafry) used by property residents: 

Water 
Sources 

• 
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~E\T ~y: SE~Tl LE 6- 4-93 f:54PM GOLDER ASSOCIATES-

1 ~· 

I 

jPROPERTY DESCRIPTION .fu_rmed · U "S pQ.rl- CJF '?)rolJe.ri1t Jb.. ~ 

I Name of property owner: 'Yu.rK.. TIT ]:()~' Property ID: _.:...;;;;;.._----1. 
Name of property manager/tenant tY\(Ct...i Ve..OJ"\ Or.blArQ , Data: 

Propeny address: ------·----------- Surveyor: 

I 
I 

!Property area: 
Area In agriculture: 

1\.- 15 cq:..re s 
~I? o.e,ce? 

Location description: 
a..nfD 0~ 

Section (nearest 1/4 1/4) 
I 

!RESIDENT/LAND USER INFORMATION 
jHow long has the property been in curent ownership: .·. +o (' 

+ 

jNumber/ ages of people residing on propeny: • 

~------------~~0~------------~------~ 
Length or residency per year (seasonal or year-round): 

Daily hours: A.> 10 b(~ ,1 '1ea..c 

I 
Number of days/year: 
Seasons of work: 

I EXPECTED FUTURE LAND uses • 
e. L 

OTHER LAND USE COMMENTS 

!PHOTOGRAPH NUMBERS AND DESCRIPTIONS 
\ -i:l-q 

• 



·-

-- --------------------, 

• • 
AGRICULTURAl PRACTICES 
Describe how the ground is preparod for planting (e.g., machinery used): ' '>. 

. , :; 
., - f f) -

-~ v--
What llmo{s) of year Is the soil prepared tor planting: ~~ 

... • 1\ 

1)(-J 
,.....o,~ 

How many man-how's are spent preparing soil: (0(0'< 
'\ 

\\ ) 

How doep Ia .the soU tiUect tY' 
FERTIUZERSIPESTICIDESIHERBICJDES. 
U thaf R tf st artl zers, peal cldes, and herbicides used on the IJiutnn•r· 

Quantity Number of 
Applied Man-Hours/ Application 

Type or Trade Name 1.-·vaar Application Method 

- -····· 

0 

l n c \tAd (1c\ a.s ~r-r o~ rproper~ fr~t,.L\ 

~rrnec\ a,lon_s CJd-h 

Dtj 0 0 bur(\ 

. \ 

8) Wlr) L(lu.. 5 

~u.rmS 

0-C~Ihl;.~} \)'Dper~ 
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CROP PRODUCTION 
Where Is 

Number of Growing Irrigation Produce 
Type of Crop Quantity Acres Used Season Used? Sold or Sent? 

Water Sources, If Irrigated: 

Describe crop rotation eched&Aa: 

•• • 

'V> 

~ • 

(J) 
I 

~ 
I 

~ 

-

> 
(A 

R 
~ 

·-· .•..• ··-··- ······--·---------- .. ···- ···------ J 

• 

~ 
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It 
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• • 
LIVESTOCK no l 've .. ~to ck:_ 

Number of Typesol Feed 
Type of Livestock Quantity Ages Acres Used Feed Used Sources 

Descrlbe where livestock are sold or shipped, aild for what purpose: 

UYB&tock Movement 
Are llveslock moved to other properties throughout the year, I so describe other tocatfons: 

How long are each type of livestock kept at this location: 

What seasons of the year at this location: 

Uvest"""'OC[ ProdUcts -

Describe commercial products (e.g., meat, wool, other) produced by livestock: 

Describe livestock products (e.g .• eggs, meat, dairy) used by property residents: 

-
-

Water 
Sources 

-

.. • . '·" "M 
/. 

"'""" • 

(J) 
I 

-.. en 

~ 

> 
Vl 
Vl 

R 

~ 
Vl 

- .. ---·--·-··-- J 

.. 
u 

a • .. 
l:t':• 



r 

SE.\T' BY: SE..\TTLE 6- 4-83 : t!54PM GOLDER ASSOCIATES-

I 
2085473312:: 3/ 6 

PROPERTY DESCRIPTION 

Name of property owner: ~<:::r.N"___f:a (o~ -:'S 1 h2'J 
Name of property managerltenant:]Aft;4 HOp kln:S 
Property address: ------·-----------

Property 10: -~.:...,....,~-1. 
Date: 
Surveyor. 

Property area: 
Area In agriculture: 
Location description: 

Township: :fCi "5 Range: &L..l'2. <= Sectlon (nearest 1/4 1/4) 

RESIDENT/LAND USER INFORMATION I How long has the property been in current ownership: 
I 

· Ust previ~us owner(s)/date(s) of aala: 
Eva..n 

Number/ ages of people residing on property: 

Length of residency per year (seasonal or year-round): 

Daily hours: 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 

OTHER L.ANO USE COMMENTS 
I 

• 



• • 
AGRICULTURAL PRACTICES 
Describe how rhe ground Is prepared for plantlf::·Y·• machinery used): , rl 
Cu..lb. va-tvr _, ~ecle._l'"--' ~-rn l f_c.c. - "See 

What tlma{s) of year Is the soU prepared tor planting: 
YY\(J..A.1 

' 

How many man-hours are spent preparfng soft: 

~ hrs/ ur'" 
' _6 

How doep Ia the soU tUied: 
_t.a , f\c..\ul s .• 

FERTitaamiPESTICIDESIHERBICIDES 
Ust the fertllzers, tfcldes, and herblddes used on the rwnnantvo 

Quantity Number of 
A~ed Man-Hoursf 
erYear A 

------

-

• 

-.. en 
""' ~ 

> 
VJ 

R 
> 
r;J 
VJ 

····-------· J 



CROP PRODUCTION 

blLS\u.!r 
a.u- Number of Growing 

Type of Crop Quantity Acres Used Season 
56.....-lru-~ fud eo Lkj" I fh:l.U- A-lA~ I --, IJ 5" T 

Water Sources, If lrr~led: 
C:::X:)(~a ~reel<.. - ru ..c.XYtOS IJU..ul"' 

' T 

Describe crop rotation ~~ 
-~JYlr11.Lr liUW 

Where is 
Iniga lion Produce 
Used? Sold or Sent? 

tAeS Scx::ICt. Sor--•na:> 
• u 

iJD fYmvt 'Sodc. Cr~~·k.l 
• 

..... .. 
~ 
~ 
.. I 

~ 
> 
V) 

R 
a -· ·- ........ _. --·----·--- ....... _____ J 
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• • 
' LIVESTOCK 

Number of Typesot . Feed 
Typo of llvostock Quantity [Ages Acres Used Feed Used 1Sources 
hor-SQS _ 3 l~ .. Ph~ 5 _ ('$)('.A.~~ ' nw.t IYL Gh "'".Ktl.. IUf'd . u ... 

Desaiim where livestock are sold or shipped, and for what purpose: 

~ 

Uv8stodl Mowement 

Are Hvestock "H~~er propert~ throughout the yearllso describe other locallo~ . · 
~\I - · :h ~~ r..tA__o_ ..cuJ+ ~~. ---- .J, ---· If\ n ~-"-

o:btw"t.d-~ rLA..M 
v 

How long are each type of . kepi at this lnrJtttnn: 

/'- 6 .~m:hc:, 

What seasons of the year at this • ...... 
lJ.)\Kfl.,(' 

~ 

1 
.... -v-·~::- commercial products (e.g •• meat, wool, other) produced by lvestock: 

f'JA-

Describe livestock products (e.g .• eggs, meat, d~lry) used by property residents: 
t0A . 

Water 
Sources 
.c::: .J.,. cr~d 
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~\T RY; SE.~ TILE 
GOLDER ASSOCIATES-

I. 
2085473312:; 3/ 6 

PROPERTY DESCRIPTION 

Name of property owner: I o..m m '1 a- moms Cole. 'l5'4 '1 "'~ Property 10: 
Name of property manager/tenant: SCi roe., Oata: 
Prol)erty address: 00 ·add reo;$":) Surveyor: 

Property area: eo uc.r"s 
Area In agriculture: 
Location description: 

Township: _ _;?~..,;'~..:S::..-__ Range: 42.. ~ Section (nearest 11• 1/4) 

sw 1/'1 
1AESIDENT/LANO USER INFORMATION 
jHow tong has the property t;>een in current owne~ip: 

() 'q '-'\ 

Ust previous owner(s)ldate(s) or &ala: 

Number/ ages of people reajding on props • 

r-----------~n~o~----------~----~~ 
Length of residency per year {seasonal or year-round): 

How many people work on property but reside elaewhere: 
~ . 

Oaily hours: 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 

OTHER LANO USE COMMENTS 

• 



• • 
CROP PRODUCTION nn -ftLr-rn (o..ry-

Number of Growing Irrigation 
Type of Crop Quantity Acres Used Season Used? 

Water Sources, If Irrigated: 

Describe crop rotation ~e: 

• 
Where is 
Produce 
Sold or Sent? 

. - ....... ' ··--·-- ··-··· •·· ··-'"··--·-·--- .. 
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-< .·. 
(I) 

~ 

~ 

~ 
R -
~ 

····--J 

I-.) 
C· 
C» 
u• ..... 
··• (.) 
(.) 

t-' 

II 

Ul 

·=--· 



AGRICULTURAL PRACTICES h() lo.L1 
Describe how rhe ground Is preparod for planting (e.g., machinery used): 

What tlme(s) of year Is the soil prepared tor planting: 

How many man-hours are spent preparing soi: 

How deep Is ~ha soU tided: 

. 

FERTILIZERSIPESTICIDESIHERBICIDE'S 
Uat the fertllzers, paatfddes, and herbicides used on the 'll• 

Quantity NIA'nber of 
A~ed Man-Hours/ Applicadon 

Type or Trade Name 
. 

lP«Year Applcatlon Method 
.. 

. 
- ... ~-·- f--

•• • 

.. -

-

-... 
Cll 
~ 

~ 

> 
V> 
V> 

R 

~ ·····-------I 

•• 



• • • 
LIVESTOCK 

Number of Types of Feed Water 
Type of livestock Quant~ Ages Acres Used Feed Used Sources Sources 
~rS..eS ln~ 7 fV) ~-artl'll lotn l ~u.rfLS <: .... ~Sot, • 

1tDi.tmr-.~ 
' 

Oescrlbe where livestock are sold or shipped. and for what purpose: 

Uf1-. 

UVB&tock McMimenl 
Are llveslocfc moved to other ~parties throu~ the year, I ~describe other locations: . ' 

· motJe ,n L.xi~,.- 5.-tn<!l. o-too. rL"Jner d~sru nJK... 
-(l" Lf o-t -t1\..Q ~- -Ht.a. rOV"St'..S L...J.tll tie ~rl II\ Wt t'l&r-

I 

How long are each type of livestock kepi at this location: 
<:.1 .A. 0'\(')\.Jl.--f 

What seasons of the year ac this locatfon: 

Uvast'"'ia"JSro((icta 
Describe commerdal products (a. g., meat. wool. other) produced by livestock: 

OA 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 
tJPr . 

-
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· 5E\"T .. BY:SEATTLE 
• 

6- 4-53 f:54PM GOLDER ASSOCIATES-

I 
2065473312:; 3/ / 

I 

jPROPERTY DESCRIPTION (.L,t,w,'S Wt..\\) I J1 
Name of property owner: • 'l:>e \ll•n \11 bl))lcM.. - 51.\1'' YJ01f Property ID: 

_n. 
Name or property manager/tenant: ~e. Data: (D {I t q 3 

l J..r~ .b-l7S Property address: ·~g . ~ \:l~ Surveyor: 
I 

!Property area: \0 ll,fi "' u-a~ 
Area In agriculture: f2~ CL.U'"t~ (l~·r:se~ bRI tufa') 

I 

Location description: 
I 

~~A~ oC, Y\Df\~ Ov--tM l 
Township: ~'5 Range: \..\:L-~ Sectlan (nearest 1/-4 1/4) I ... ~Vu & SE- 1/u 

RESIDENTJLANC USER INFORMATION I !How long has the property been In current ownership: 
I Q_ I JP'U ("q 

1 

Ust previ!JUS owner(s)ldate(s} of aal~ 

LafV"tA "'*" .n::i rrA L..e.w,s J ~cs ~c+. lqq \ 
-:; I ' 

i 
!Number/ ages of people residing en property: 
· P> n eooLR 

' ~0 3"T '" 15' '~ It, B.':> ( _2Ll_ Ut"t1 ~ r')lr-(- (..., m~c; lu 
Len~th ot residency per year (seasonal or year-round): 

, 

u~ri V'" Yf'){ ..tnd (S1 u~ Dld I fJ:J rrlcbn+hcs ( Ur'"' ') 
I . I I 

How many people work on property but reside elsewhere; 
nof'eJ . I 

j 

I OaiJy hours: ~A 
. 

Number of days/year: PA 
Seasons of work: !VA 

EXPECTED FUTURE LAND USES 
m<.~e,..,. - --Ht-t Croo \G.rrl tn I hru nf at: ~ 
• rcuc:..P IS b.itY"Cl f'f"Y\J~rred to ~sf?~ r'PJ 

\11'\ ti ("'I(\ C) ...,.... t::'h 
OTHER LAND USE COMMENTS 

.. 

(bi\R_ 
I 
I 

PHOTOGRAPH ~MBERS AND CESCRIFTIONS 
f2.r.lt 2 :!::. I -"""""' n · 1 DC'~ .1n a fP~+ 

....; 

• 

~ 
• ) 

• 



,..--.,.---~------------------- --- -- --- ---- -- - ------- -----------------------------------, 

• • 
AGRICUL TlJRAl PRACTICES rk) Fu rrv1 tct ,.,d 
Describe how the ground Is prepared for planting (e.g., machinery used): 

What llme(s) of year Is the soil prepared for planting: 

How many man-hours ·are spent preparing soil: 

How doep Is ~he soU tilled: 

FERTII...IZERSIPESTIIOESIHERBICIOES 
List the fertiRzers, pealfcldes. and herbicides used on the till UJ"R .,. 

Quantity Number of 
Applied Man-Hourll App&catlon 

Type or Trade Name lper.Year 1•----uon Method 

- -··· t-
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CROP PRODUCTION no 
Number or 

Type of Crop Quantity Acres Used 

Water Sources, If lrrfgaled: 

Describe crop rotation echedufa: 

I ~rt1/Cl.V1G 

Growing Irrigation 
Season Used? 

Where Is 
Produce 
Sold or Sent? 
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> 
(J) 

R 
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• • 
LIVESTOCK 

Number of Typesot Feed 
Typo of Livestock Quantity Ages Acres Used Feed Used Sources 

ho,'5e 4 '1n.s \ 3 -,,e:, I a.\ b.\ fO... h1L 'u ('6-.lfl ~ 06.. st'W(. 
()QS 2.. .. ~ ().'5 ~e. ~"!! ot1h-t -' ln-00 
~ htd r.nS .. 2Q #Jf\ f-.)(1. ,, . 

(0-ot> 
rr.Lbb\-t-5 2 JJA- UA 

,, 
/()-00 

Describe where rl¥8stock are sold or shipped, and ror what purpose: 
rJA 

Uvustock Movement 
Are livestock moved to other propertles throughout the year, I so d&sa'ibe other locations: .. 

no 

How long are each type of livestock kept at this location: 
hve~c.,L \5. fly ti.x'Yl~ lJ~- V""_Dt fd- 4-tllS lnc.li .. ttcrn. ~ 

\\ue~toc:.....~ • 

What seasons of the year at this locatfon: 
J. . ..)A-

Dvestoc:KProdUdS -
Describe commercial products (e.g., meat, wool, other) produced by &vestock: 

IJPr 

Describe livestock products (e.g., e~, meat, dairy) used by property residents: 

t""J)Q s ... rn <Za.:t ~s ~ vJ , . 

-

Water 
Sources 
IJ.)(J11 
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2085473312:# 3/ 6 
SE.\1~ BY: SE.\TILE 

GOLDER ASSOCIATES-

I 
I 

I fPROPERTY DESCRIPTION 1 -z-0 
\Name of property ownor. 'JAr. GIS ~ld.2'S Sc. - !5:"1"'1'~ ~-5~;,\ Property ID: ~ 
Name of property manager/tenant: n Date: • 
Property address: · 

!Property area: · ,._ w CJ..Lr,~ 

Area In agriculture: 
Location description: 

Township: Range: Seotlon (nearest 1/o4 1/4) 

RESIDENT/LAND USER INFORMATION 
jHow tong has the property been in current ownership: 

I 

Ust previ?US ownar(s)ldate(s} or 111a: 

Number/ ages of people residing on property: 

Length of residency per year (seasonal or year-round): 

How many people work on property but reside elaewhere: 

I 
1 Daily hours: 

. 
Numbvr of days/year: 
Seasons of war~ 

EXPECTED FUTURE LAND USES 

I 
I 

OTHER L.ANO USE COMMENTS 

!PHOTOGRAPH NUMBERS AND DESCRIPTIONS 
no () h n+-c."'J 

:?a~..t ltlf~ ,, 
fo(fb '~ •• ~? ~ 

t6: ~?I y. 
•lli'I.J~ lo.. 

1 

Surveyor: LV~s 
I 

I 

l 

I 

• 
I 

I 

I 
I 

I 

I 

• 
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-

• • 
AGRICUL T\JRAl PRACTICES 
Describe how lhe ground is prepared for planting (e.g., machrnery used): 

What tlmo{s) of year Is the soil prepared for planting: 

How many man-hours are spent preparing soil: 

How doep Is ~ha soU tflled: 

FERTlLaERSIPESTICIDESIHERBICIDES 
u h u ~ sl fer11Rzers, peal cldes. and herbl es used on the~~' u.-.,. 

Quantity Number of 
Ap~ Man-Hoursl 

Type or Trade Name !per Year Application 

- -·-- r-

Application 
. Method 

-

----------------

• ' 1.1· ,..,. . 
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CROP PRODUCTION 
Where is 

Number of Gra«ing Irrigation Produce 
Type of Crop Quantity Acres Used Season Used? Sold or Sent? 

Water Sources. If lrrfgated: 

Describe crop rotation ec:hedcAe: 
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• • 
LIVESTOCK 

Number of Types of Feed 
Typo of llvostock Quantity Ages Acres Used Feed Used Sources 

Desatbe where livestock are sold or shipped, and for what purpose: 

Uvastoc;k Movement 
Are llvestocfc moved to other prop8ftles throughout the year, I so describe other locations: 

How long are each type of Hvestock kept at this location: 

What seasons of the year ar this location: 

UvestOCk "PfodUCti - -

Descrfba commercial products (e.g.. meat, wool, other) produced by fivestock: 

Describe livestock products (e.g., eggs, meat, dairy) used by property residents: 

-

Water 
Sources 

.. 

• v. 
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2085473312:# 3/ 6 
-5E.\7'~Y: SEA mE : 6- 4-93 1:64PM GOLDER ASSOC 1 ATES-

1 

PROPERiY DESCRIPTION 5l.J~ -35-:ro . 
Name of property owner: 'Ro~c ~~~M Property 10: ~ 
Name of property managerltenan : Data: (qf BfCf3 
Property address: on ati~res~ Surveyor: Lk}:t-p~ 

I 

• 
Property area: ~~~~0 Area In agriculture: 
Location description: I 

~·of rn~~ PlrJ\-1-
Township: ~ Range: _WZ...f== Section (nearest 11• 114) (a S~ \f'-1 of CSG 1/c.l 

C\S 
RESIDENT/LAND USER INFORMAnON 

lq9b 
How tong has the property bean £lurrent ownership: 

(JPefS ~'"co 
I 

Ust previous ownar(s)ldate(s~aala: 
- 1\c::AQS LeW\S ~r . 

.....,) ' . I 

Number/ ages of people residing on propany: 
. f\6 • 

Length or residency per year (seasonal or year-round): 
kJflr_ 

. 

How many people work on property but reslde elaewhere: I mna~ 
0 

I 
Daily hours: t...JPr 
Number of days/year: 12~ Seasons of work: 

EXPECTED FUTURE LAND USES 

~ 
I 

OTHER LAND USE COMMENTS 
\('J.nd ILCSLA -1-o becud 4 (Y\(1_~ ho~s 

~ 

PHOTOGRAPH NUMBERS AND DESCRIPTIONS 
(\ {) ,f)1"1(JV0 

\ • 
• 0 



• 
CROP PRODUCTION 

Type of Crop Cuantlty 

Water Sources, If lrrfgated: 

Oesalbe crop rota11on ec::hecbe: 

~------

• • +Gum land 
Number of Growing Irrigation 
Acres Used Season Used? 

Where Is 
Produce 
Sold or Sent? 

• 

-

~ 
R -a 

.... ··-· ·-· ·--- ---···-· ---·------ -· •···· ···-- 1 

f\.) 
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Ul 
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AGRICULTURAL PRACTICES no:. ~Arm land 
Describe how the ground is preparod for planting (e.g., machinery used): 

What tlme(s) of year Is the soil prepared for planting: 

How many man-hou's are spent preparing sol: 

How doep fa ~he soli tilled: 

~ 

FER11LIZERSIPES11CIOESIHERBICIDES 
List the f811111zers, pesticides. end hafblddes aaed on the.,....,_ •7• 

Quandty Nwnberof 
~ed Man-Hcull App&catlon 

Type or Trade Name 
. 

lpwYear Applcatlon Method 

-.. -- 1-- -

• • 

. -
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V> 
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rT1 
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nJ 
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• • 
LIVESTOCK 

Number of Typesot Feed 
Typo of Uvostoclc Quantity Ages Acres Used Feed Used Sources 

hov<-e':S 3 11.1?...8 q,25 han cL rnu¥ /~Yll.Lt.. I . , 
I -v • 

Describe where livestock are sold or shipped, and for what purpose: 
\.__)f\ 

Lhestoctc Mawlnent 
Are llvasloc:k moved to other propet1les ttwoughout the year, I so describe oCher locations: .. 
-

(\0 

How long are each type of livestock kepi at this location: (b}Af)d t d_O.../f" 
u 

What seasons of the year ar this location: 

tMCtJr (l)ufC( 
0 

Dvast""""OC[PJ"odlicta 
. 

Describe commercial products (e.g., meat, w0~r) produced by heslock: 

Describe livestock products (e.g., eggs, meat,~~se~ by property residents: 

-

Water 
Sources 

ID 6-k...t t,lGb 
\ 

-

• 
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2085473312:# 3/ 6 .. 
Sf.\i BY:SEATILE 

OOLDER ASSOCIATES-

1 
I 

PROPERTY DESCRIPTION 5 L11'' 36~~ 

Name of property owner: ~Qa:?.f-1' -6cQl.t\~ Property 10: '2"2.. 
I Oats: Name of property manager/tenant: 

Property address: Surveyor: /~S 
I 

• 
Property area: "' lltlir ~ 't.Q ~~tO 
Area In agriculture: . 
Location description: 

~~ +' ~\A.t"h WclS± o+ Ho(')SCl..nTD PI ~ 
Township: 9:l Range: ~HE: SectJon (nearest 1/4 1/4) 

e~ es 4tl$' 3<o NE 1J..4 c;;. Se 'lt.t 
RESIDENT/LAND USER INFORMATION 

!How tong has the property bean In currant ownership: 
Ci"541E 'DafT o; Scc:.t- .i-

Ust previous owner(s)/date(s) or aala: 

I I 
i 
!Number/ ages of people residing on propeny: • 
Length of residency per year (seasonal or year-round): 

How many people work on property but reside elsewhere: I 
i 
I DaiJy hours: 

. 
Number of days/year: 
Seasons of work: 

EXPECTED FUTURE LAND USES 

I I 
• 

OTHER LAND USE COMMENTS 

I 

PHOTOGRAPH NUMBERS AND DESCRIPTIONS I f\o 0*'r;m 
I \ • 
I 

tC ';o"~ 
~ . C:· 4 114 ·\. ,. 

1.,/rA L). ~!I-" IS: 2.~ ~ i't ,...(o .J.. 



• • 
AGRICUL TlJRAl PRACTICES 
Describe how the ground Is prepared for planting (e.g., machinery used): 

What llme(s) of year Is the soil prepared for planting: 

How many man-hours are apent preparing soil: 

How doep Is _the soli tflled: 

FERTil..IZmSIPESTICIDESIHERBICJDES 
List the fertiHzers, peatfcldes, and herbicides used on the IJIIUIJU'•J· 

Quantity Number of 
Applied Man-Hours/ Applicadon 

Type or Trade Name lper.Year Application Method 

- -·····- t--

-
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[D 
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CROP PRODUCTION 

Number of Growing Irrigation 
Type of Crop Quantity Acres Used Season Used? 

Walet' Sources, If Irrigated: 

Describe crop rotation ICIJedtje: 

•• • 

Where Is 
Produce 
Sold or Sent? 

Q) 
I 

~ 
I 

CD 
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• • 
LIVESTOCK 

Number of Typesot Feed 
Type of Livestock Quantity Ages Acres Used FeadUsed Sources 

Descrtbe where livestock are sold or shipped, and for what purpose: 

.. 
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1. INTRODUCTION 

This report presents a summary of data validation conducted in support of the Phase I 
Remedial Investigation/Feasibility Study conducted at the Monsanto Chemical Company, Soda 
Springs, Idaho, Elemental Phosphorus Plant. 

Analytical data for radiochemistry, metals and general chemistry analyses were reviewed and 
validated against the criteria contained in the EPA functional guildelines (Bleyler 1988). Data 
validation, in general, consisted of a review of laboratory report completeness, holding times, 
calibrations, duplicates, spikes, controls and blanks. Deficiencies identified during validation 
resulted in qualifying data as either estimated a for detected results, UJ for undetected 
results) or undetected (U). 

Samples of water, sediments, surface soil and source material were analyzed for the target 
compounds listed in the work plan (Golder 1991) by Chen-Northern Inc. (CNI), Billings, 
Montana (metals and general chemistry analyses) and Acculabs Research Inc. (ALR), Golden, 
Colorado (radiochemistry analyses}. Samples were collected between October 15, 1991 
through November 4, 1991. 

Section 2 provides a discussion of the water quality data validation and Section 3 discusses 
the source, sediment and surface soil data validation. Attachments 1 through 5 provide 
copies of the data assessment summary forms and laboratory results. 

2.. WATER SAMPLE DATA QUALITY SUMMARY 

This section provides a summary of the data validation conducted on the water quality data 
for chemical and radiochemical analyses. Section 2.1 discusses the chemistry data and section 
22 discusses the radiochemistry data. 

2.1 Chemical Data Summary 

2.1.1 Holding Times 

Holding times for metals analyses were 6 months from the date of sample collection. All 
holding times for metals met this criteria and no data qualification was required. Holding 
times for the remaining general chemistry parameters were met with the exception of 
ammonium, chloride, alkalinity (bicarbonate, carbonate, hydroxide), total dissolved solids 
(TDS), specific conductance, and chemical oxygen demand, however, no gross exceedances 
(> 2x criteria) were observed. Results for these parameters have been qualified as estimated a 
for detected results, UJ for undetected results) in associated samples. 

2.1.2 V erificati.on of Results 

Reported results for all analytes were checked against the raw data to verify the absence of 
calculation and transcription errors. A few minor transcription errors were detected and the 

------------------
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results were manually corrected on the report forms. 

Target sample quantitation limits (TQLs) were specified in Table 7-1 of the work plan (Golder, 
1991) and these limits were met by the laboratory with the exception of the quantitation limits 
for vanadium and silver. Silver and vanadium could not be determined by the laboratory at 
the work plan TQL values (0.2 Jlg/L and 5 Jlg/L} due to the following reasons: 

• Precision of silver measurements at the laboratory method detection limit, 
(MDL of 10 Jlg/L}, was 15 percent relative standard deviation (%RSD). When 
the laboratory attempted a lower detection limit ( <10 Jlg/L}, the %RSD 
increased to 100%; and 

• Precision of vanadium measurements at the laboratory MDL, (10 Jlg/L} was 6 
%RSD and at lower concentrations (8 lllY'L or less), the %RSD was greater than 
20%. 

2.1.3 Calibrations 

• 

Dally initial calibrations were performed for all analyses. In addition, initial and continuing 
cahoration verifications were analyzed at least every 10 or 20 sample analyses. Minor quality 
control deficiencies were identified in the calibration verifications for aluminum, arsenic, 
beryllium, magnesium, nickel and potassium. Sample results associated with these calibration • 
results were either undetected or determined to be undetected based on a review of blanks 
and were not qualified based on calibration verification criteria. 

2.1.4 Blanks 

Laboratory preparation blanks were analyzed with each sample analysis batch. No target 
analytes were detected in the preparation· blanks at greater than 5 times the target 
quantitation limits listed in the analytical methods. The following table provides a list of 
analytes detected in the laboratory blanks and their highest concentrations: 

HIGHEST 5XHIGHEST 
DETECTED DETECTED 

ANALYTE CONCENTRATION, mgiL CONCENTRATION, mgiL 

Sodium 0.06 03 
Aluminum 0.1 0.5 
Lead 0.002 0.01 
Vanadium 0.01 0.05 

Associated sample results (on a sample delivery group basis) that are less than 5 times ~he 
sample blank values have been qualified as undetected (U). 

Following a review of laboratory blanks, field blank data were reviewed for detected analytes. • 
The following provides a list of analytes detected in the field blanks and their highest 
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respective concentrations: 

HIGHEST CONCENTRATION 5XHIGHEST 
DETECTED CONCENTRATION 

ANALYTE m&'L except where noted DETECTED 

Aluminum 0.17 0.85 
Calcium 0.7 0.35 
Copper 0.01 0.05 
Iron 0.168 0.84 
Lead 0.004 0.02 
Managanese 0.011 0.055 
Silver 0.03 0.15 
Sodium 0.27 1.35 
Vanadium 0.04 0.2 
Zinc 0.016 0.08 
Ammonium 0.19 0.95 
Bicarbonate 3.62 18.2 
Chloride 0.34 1.7 
Sulfate 1 5 
Total Phosphorus 0.14 0.7 
Sp. Conductance, ~mhos/em 24 120 
Total Diss. Solids 13 65 

All sample data were reviewed against the field blank concentrations listed above. Sample 
results less than five times the highest field blank concentration were qualified as undetected 
(U) in accordance with the validation guidelines. 

2.1.5 Precision 

Compliance with precision data quality objectives was determined by a review of laboratory 
duplicate, field duplicate and field split analyses. 

2.1.5.1 Laboratory Duplicates 

Laboratory duplicates were analyzed at the proper frequency and results were acceptable 
with the exception of some of the pH results which were qualified as estimated (]). 

Duplicate injections were not conducted for graphite furnace atomic absorption analyses 
(GFAA) which is contrary to the analytical requirements, however, since laboratory duplicate 
analyses were acceptable, in the reviewers judgement, this oversight does not affect sample 
data quality . 
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2.1.5.2 Field Duplicate and Split Samples 

One field duplicate was collected (location TW-26) and analyzed for metals, wet chemistry 
and radionuclides and the results are presented in Table S-1. Precision (as relative percent 
difference, RPD) for sample results >5 times the sample quantitation limits (SQLs) ranged 
from 0 to 20 percent which is within the inorganic validation criteria (Bleyler, 1988). 

Three field split samples were collected (locations TW-21, TW-18 and DOC) and analyzed at 
both Chen-Northern Inc. (CNI)/Acculabs Research (ALR) and Core Laboratories Inc. (Core) of 
Casper, Wyoming for metals, wet chemistry and radionuclides. Results are presented in 
Tables S-2 through S-4. 

The laboratories were instructed to use identical EPA-reference methods for analyses, 
however, Core Laboratories used other acceptable EPA-reference methods for analysis of 
metals and wet chemistry parameters, hence, the split results are not directly comparable. 
Table S-5 presents a comparison of the analytical methods used by the CNL' ALR and Core. 

• 

The most notable differences between results were observed when comparing low 
concentration ( <5x SQL) metals results reported from more sensitive GFAA or inductively 
coupled plasma (ICP) emission techniques (used by CNI) as opposed to results reported from • 
less sensitive flame atomic absorption (FLAA) techniques (used by Core). These differences 
would be expected, and, in the reviewers judgement, are not an indication of poor data 
quality. Where results are observed at higher concentrations (>Sx SQL) comparability is 
better, ranging from 0% to 50% RPD, which exceeds the inorganic validation criteria of 20%. 
However, since identical analytical procedures were not followed between the two 
laboratories, this difference should not be considered significant. 

No sample data were qualified based on field duplicate and split sample performance. 

2.1.6 Accuracy 

Compliance with accuracy data quality objectives was determined by review of laboratory 
spike sample and control sample recoveries. 

Laboratory matrix spikes were analyzed with each sample delivery group and the results 
were within the laboratory established control limits with the exception of chromium and iron 
in sample delivery group three and chromium in sample delivery group one. Results were 
reported with an "N" qualifier as required by the analytical statement of work, however, no 
data was qualified during validation since all spike recoveries were within the validation 
criteria of 75% to 125%. 

Analytical spikes were not conducted by the laboratory for GFAA analyses which is contrary 
to the analytical statement of work requirements, however, this does not affect data quality • 
since spike sample recoveries were acceptable. 
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At least one laboratory control sample analysis was conducted for each of the four sample 
delivery groups. All aqueous control sample percent recoveries were within the reference 
limits of 80 to 120%. 

2.2 Radiochemical Data Summary 

This section presents a summary of the data quality for radiochemical analytes in the water 
samples. 

2.2.1 Validation Criteria 

The validation criteria used for review of the radiochemical analyses in general followed the 
recommendations contained in the inorganic data validation functional guidelines (Bleyler, 
1988). Information concerning the specifics of the data validation criteria is contained in each 
of the subsequent sections 2.2.2 through 2.26. 

2.2.2 Holding Times 

Holding times specified for the radiochemical analytes were 6 months from date of collection. 
All analyses were completed within this time frame. 

2.2.3 Verification of Results 

Reported results for all analytes were checked against the raw data to verify the absence of 
calculation and transcription errors. A few minor transcription errors were detected and the 
results were manually corrected on the report forms. 

2.2.4 Calibrations 

Data packages were reviewed to verify compliance with the following requirements: 

• 

• 

• 

• 

Instruments and detectors were calibrated initially prior to sample analyses; 

Calibration checks appropriate to the method of analysis were conducted; 

Efficiences were determined for all Lucas cells used for radium-226 analyses; 
and 

Calibration sources used for initial and continuing calibration were traceable to 
NISI or an appropriate standards manufacturer. 

All analyses were determined to meet the above criteria and no data qualification \./as 
necessary . 

• 
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2.2.5 Blanks 

Method blanks, blank planchets, blank Lucas Cells (Radium-226 analyses) and instrument 
backgrounds were analyzed or determined prior to sample analysis. Several of the method 
blanks reported contained low concentrations for gross alpha radioactivity, radium-226, 
radium-228 and radon-222. Sample results less than or equal to five times the associated 
method blank results were qualified as undetected (U). 

2.2.6 Precision 

Compliance with precision data quality objectives was monitored by a review of laboratory 
duplicate, field duplicate and field split analyses. 

2.2.6.1 Laboratory Duplicates 

Laboratory duplicate analyses were reviewed to determine if RPD values were s20%. All 
laboratory duplicate analyses were acceptable. 

2.2.6.2 Field Duplicate and Split Samples 

• 

Table S-1 presents the results of the single field duplicate sample collected for radionuclides. • 
RPD values ranged from 2 to 200 percent which is within the criteria specified in validation 
guidelines recommended in Bleyler (1988) with the exception of precision for gross alpha 
(67%). 

Tables S-2 through S-4 present results for split samples for radionuclides. Results between the 
two laboratories (ALR and Core) vary considerably, however, upon review, these differences 
are due to different sample quantitation limits reported by the respective laboratories. 

No sample data were qualified based on field duplicate and split sample performance. 

2.2.7 Accuracy 

Compliance with accuracy objectives was determined by a review of laboratory control 
sample (LCS) performance. All radiochemical determinations contained at least one analysis 
of a traceable LCS and percent recoveries were within the acceptance limits of 80% to 120% . 

• 

• 



• 

• 
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3. SEDIMENT, SOIL AND SOURCE DATA QUALITY SUMMARY 

This section presents a summary of the data validation conducted for the sediment, soil and 
source data. Section 3.1 presents the summary of the chemical data quality and Section 3.2 
presents the summary of the radiochemical data quality. 

3.1 Chemical Data Summary 

3.1.1 Holding T'1mes 

All sample analyses met the holding time criteria of 6 months for metals analyses and 28 days 
for nitrate+nitrite analyses. 

3.1.2 Verification of Results 

Reported results were verified against the raw data and where minor discrepancies were 
found the results were corrected on the report forms. 

3.1.3 Calibrations 

Daily calibrations were conducted for all analyses as were calibration verification checks at 
least every 10 or 20 analyses. Calibration verification results were exceeded for arsenic and 
chromium and associated sample results were qualified as estimated 0 for detected results, UJ 
for undetected results). 

3.1.4 Blanks 

Laboratory method blanks were analyzed with each sample batch. No contaminants were 
identified in the method blanks of sufficient concentration to warrant qualification of sample 
results. 

Section 2.1.4 provides a summary of the analytes detected in the field blanks. These 
concentrations were compared to the aqueous-based analyte concentrations contained in the 
raw data (prior to correction for dilution, solids and moisture content) and no field blank 
contaminants were present in sufficient concentration to warrant qualification of sample 
results. 

3.1.5 Precision 

3.1.5.1 Laboratory Duplicates 

Duplicate samples were prepared and analyzed with each sample analysis batch. RPD values 
for iron, potassium and zinc were outside the acceptance limits and associated sample results 
have been qualified as estimated U for detected results, UJ for undetected results). 
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3.1.5.2 Field Duplicate and Split Samples 

A total of four field duplicate and one field split samples were collected and analyzed for the 
target analytes. Tables S-6 through S-10 present a summary of the results. RPD values in 
field duplicates for nitrate+nitrite as N, (sample S-BB); lead and fluoride, (sample Back-3B); 
arsenic, chromium, copper and vanadium (sample Soda N) exceeded the validation criteria of 
35% RPD, however, this is likely due to heterogeneity of the sample matrix since associated 
laboratory QC were acceptable for these parameters. 

RPD values in the field split sample for aluminum, copper, iron, nickel, potassium, silver, 
sodium, fluoride and nitrate+nitrite as N also exceeded the 35% RPD criteria however the 
methods of analysis between the two laboratories were different (see Table S-5), hence, 
differences would be expected. 

3.1.6 Accuracy 

Spike samples and laboratory control samples were analyzed with each sample batch for 
metals. Arsenic, cadmium, chromium, selenium and silver spike recoveries exceeded the 
acceptance limits requiring qualification of associated results as estimated a for detected 
results, UJ for undetected results). 

Laboratory control sample recoveries were exceeded for potassium and aluminum and 
associated results have been qualified as estimated a for detected results) where applicable. 

3.2 Radiochemical Data Summary 

Radiochemical analyses were conducted on sediment, soil and source samples for polonium-
210, throrium-228, thorium-230 and thorium-232 using traditional chemical separation and 
counting methods. In addition, the radionuclides, lead-210, uranium, radium-226, radium-228 
and potassium-40 were analyzed using gamma spectrometry procedures by determining the 
abundance of their respective daughter radionuclides. This was conducted in order to 
complete the analyses within schedule. The following table provides an explanation of how 
the results were determined using gamma spectrometry techniques. 

0 

• 

• 

• 
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DAUGHTER 
RADIONUCLIDE and 

TARGET RADIONUCLIDE GAMMA ENERGY EXPLANATION 

Lead-210 Lead-210 at 46 KeV Reported as is 

Uranium Thorium-234@ 63.3 KeV Major daughter of uranium-
Uranium-235 @ 143 KeV 238 

Radium-226 Radium 226@ 186.0.KeV All are daughter products of 
Lead-214@ 295.2 KeV Radium-226, however, lead-
Lead-214 @ 352 KeV 214 and bismuth-214 
Bismuth-214 @ 609.4 KeV daughters are of greatest 
Bismuth-214@ 1120.4 KeV abundance. Radium-226 
Bismuth-214 @ 1764.7 KeV reported as the average of 
Lead-212 @ 238 Ke V the lead-214 and bismuth-
Bismuth-212@ 727 KeV 214 daughters 

Radium-228 Actinium-228@ 338 KeV All are daughter products of 
Actinium-228 @ 911 Ke V Radium-228, however 
Actinium-228@ 968 KeV actinium-228 @ 911 Ke V is 

of greatest abundance. 
Radium-228 reported as the 
value of actinium-228 @ 911 
KeV. 

3.2.1 Validation Criteria 

The validation criteria used for evaluation of the radiochemical analyses are described in 
Section 22.1. 

3.2.2 Holding Times 

All samples met the holding time criteria of 6 months from date of collection to analysis 
completion. 

3.2.3 Verification of Results 

Minor transcription errors were identified during verification of reported results against the 
raw data and these were corrected on the laboratory reports . 
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3.2.4 Calibrations 

Review of calibration data for all analyses revealed that the following requirements were met 

• Instruments and detectors were calibrated initially prior to sample analyses; 

• Daily calibration checks were performed for the radiochemical separation and 
counting methods (polonium, thorium, lead) and a gamma energy calibration 
for all target energies of interest was conducted; 

• Detector efficiencies were reported and verified in the raw data; and 

• Calibration sources used for calibrations were identified and traceable to NIST 
or an appropriate standards manufacturer. 

3.2.5 Blanks 

Method blanks, blank planchets and instrument backgrounds were analyzed or determined 

• 

prior to sample analysis. No blank contamination was identified which required qualification • 
of sample results. 

3.2.6 Precision 

3.2.6.1 Laboratory Duplicates 

Duplicate analyses were conducted for each sample delivery group and RPD results were 
within the laboratory control limits. 

3.2.6.2 Field Duplicate and Split Samples 

A total of four field duplicate samples were collected and analyzed for the target 
radionuclides of concern. Tables S-6 through S-10 present a summary of the results. RPD 
values for field duplicates ranged from 0 to 100 percent which is within the validation criteria 
of plus or minus two times the method detection limits. RPD values for field splits were 
acceptable with the exception of the radium-228 values (109%) which is likely due to slight 
differences in instrument backgrounds and sample preparation methods. 

3.2.7 Accuracy 

Accuracy of the radionuclide analyses was monitored by the laboratory by the analysis of 
traceable LCSs. LCS analyses were performed daily or with each sample batch and all 
percent recoveries were within the acceptance limits of 80% to 120%. 

• 
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4. OVERALL ASSESSMENT 

Analytical data from the chemical and radiochemical analysis of 109 water samples and 78 
source, sediment and soil samples were validated in order to verify that reported results were 
of sufficient quality to support the project work plan objectives. The samples were analyzed 
for metals, general chemical parameters and radionuclides. 

Validation was conducted using U.S. EPA CLP guidelines (Bleyler, 1988). No data were 
rejected based on the validation conducted. Some minor quality control deficiencies were 
identified which resulted in qualification of data as undetected (U) or estimated a or un and 
these deficiencies are summarized in the preceeding sections. Two notable deficiencies were 
identified during validation and are summarized below. 

• Silver and vanadium results in the water samples were not reported to the 
target quantitation limits due to the low precision of the analytical 
measurement equipment at the target limits of 0.2 Jlg/L and 5 Jlg!L, 
respectively, and 

• Field split results for water and soil samples showed significant differences for 
the metals, general chemistry and radionuclide parameters however, these are 
likely due to the use of different analytical methods and method detection 
limits by the respective laboratories. 

With the exception of the minor deficiencies summarized previously, the work' plan quality 
assurance objectives were met and, the analytical data, as qualified, are acceptable for use. 

5. REFERENCES 

Bleyler, 1988, Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 
Analyis, US. Environmental Protection Agency, Washington, D.C. 

Golder 1991, Phase I f<.emedial Investigation/Feasibility Study Work Plan for the Soda Springs 
Elemental Phosphorus Plant, Golder Associates Inc., Redmond, Washington . 
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TABLE S-1. WATER SAMPLE RELO DUPUCATE SUMMARY 

ANALYTE TW-26 'TW-26-DUP RPD 

Aluminum 0.1 0.12 18 

Arsenic <0.002 0.002 200 

Beryllium <0.001 <0.001 NC 

Cadmium <0.005 <0.005 NC 

calcium 120 123 2 

Chromium <0.01 <0.01 NC 

Copper 0.005 <0.005 200 

Iron 0.22 0.27 20 

Lead 0.001 0.002 67 

Magnesium 124 126 2 

Manganese 0.72 0.74 3 

Nickel <0.02 <0.02 NC 

Potassium 25.5 25 2 

Selenium 0.007 0.007 0 

Silver <0.01 <0.01 NC 

Sodium 108 112 4 

Vanadium 0.01 <0.01 200 

Zinc 0.032 0.028 13 

Ammonium 1.8 1.7 6 
Bicarbonate 560 554 1 

Carbonate 0 0 NC 

Chloride 104 101 3 

Ruoride 1.02 1.12 9 
Hydroxide 0 0 NC 

Nitrate+nitrite-N 7.95 7.9 1 

Sulfate 360 360 0 

Total Phosphorus 0.67 0.7 4 

pH, std. units 6.7 6.7 0 

Specific Conductance, pmhos/Cm @ 25°C 1730 1820 5 
Total Dissolved Solids@ 180°C 1180 1180 0 

Gross Alpha, total, pCIIL 6 12 67 

Radium-226, total, pCIIL 0.4 <0.5 200 

Radium-228, total, pCUL <-0.1 <0.1 NC 

Radon-222, total, pCUL 94 92 2 

Uranium, total, mg/L <0.002 <0.002 NC 

Results are reported in mg/L except where noted. 

RPC - Relative percent difference. Equal to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
or zero Is substituted when one result is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 

than the detection limit • 
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TABLE S-2. WATER SAMPLE RELD SPUT SUMMARY 

ANALYTE TW-21 lW-21-S RPD 

Aluminum 0.18 <1 200 

Arsenic <0.002 <0.002 NC 

Beryllium <0.001 <0.01 NC 

Cadmium <0.005 0.02 200 

Calcium 60 60 0 

Chromium <0.01 0.07 200 

Copper <0.005 0.01 200 

Iron 7.72 8.41 9 

Lead 0.001 0.09 196 

Magnesium 264 265 0 

Manganese 0.17 0.22 26 

Nickel 0.03 0.14 129 

Potassium 20.3 17.2 17 

Selenium <0.003 <0.001 NC 

Silver <0.01 0.09 200 
Sodium 44 40 10 

Vanadium <0.01 0.24 200 

Zinc <D.008 <0.1 NC 
Ammonium 0.36 0.2 57 

Bicarbonate 1416 732 64 
Carbonate 0 264 200 
Chloride 21 19 10 

Ruoride 0.2 0.2 0 
Hydroxide 0 <1 NC 
Nitrate+nitrite-N 0.5 <0.1 200 

Sulfate 84 94 11 

Total Phosphorus 0.79 0.75 5 
pH, std. units 6.1 9.35 42 
Specific Conductance, ,umhos/Cm @ 25•C 1920 1470 27 
Total Dissolved Solids@ 18o•c 1120 1280 13 
Gross Alpha, total, pCi/L <1 <33 NC 
Radium-226, total, pCi/L <-0.3 <0.2 NC 
Radlum-228, total, pCi/L <0.1 <2.6 NC 
Radon-222. total, pCi/L 120 222 60 
Uranium, total. mg/L <0.002 0.01 200 

Results are reported in mg/L except where noted. 

RPD - Relative percent difference. EQual to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero is substituted when one result is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 
than the detection limit. 
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TABLE S-3. WATER SAMPLE AELD SPLIT SUMMARY, CONT. 

ANALYTE TW-18 TW-18-S RPD 

Aluminum 0.06 <1 200 
Arsenic 0.003 0.003 0 
Beryllium <0.001 <0.01 NC 

Cadmium <0.005 0.01 200 

Calcium 88.5 97 9 
Chromium <0.01 0.07 200 

Copper <0.005 0.01 200 

Iron 6.74 8.27 20 

Lead <0.001 0.12 200 

Magnesium 190 218 14 

Manganese 0.29 0.36 22 

Nickel <0.02 0.07 200 

Potassium . 21.9 16 31 
Selenium <0.003 <0.001 NC 

Silver <0.01 0.05 200 

Sodium 42.8 40 7 

Vanadium <0.01 0.24 200 

Zinc 0.01 <0.1 200 

Ammonium 0.35 0.2 55 
Bicarbonate 1340 1330 1 

Carbonate 0 <1 NC 

Chloride 17 14 19 

Auoride 0.23 0.2 14 

Hydroxide 0 <1 NC 

Nitrate+nltrlte-N <0.5 <0.1 NC 

Sulfate 60 53 12 

Total Phosphorus 0.35 0.59 51 

pH, std. units 6 7.8 26 
Specific Conductance, pmhos/Cm @ 25°C 2000 1780 12 
Total Dissolved Solids@ 180°C 1004 1180 16 

Gross Alpha, total, pCIIL -7 20.2 412 
Radium-226, total, pCIIL <0.2 0.1 200 
Radium-228, total, pCi/L <-0. 1 <8.3 NC 

Radon-222, total, pCIIL 93 292 103 
Uranium, total, mg/L <0.002 0.004 200 

Results are reported in mg/L except where noted. 

RPD - Relative percent difference. Equal to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero Is substituted when one result is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 
than the detection limit • 
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TABLE S-4. WATER SAMPLE AELD SPUT SUMMARY, CONT. 

ANALYTE DOC DOC-S RPD 

Aluminum 0.08 0.2 86 

Arsenic <0.002 <0.002 NC 

Beryllium <0.001 <0.01 NC 

Cadmium <0.005 0.01 200 

Calcium 116 120 3 
Chromium <0.01 0.07 200 
Copper <0.005 <0.01 NC 

Iron 8.34 8.38 0 
Lead <0.001 0.07 200 
Magnesium 133 138 4 

Manganese 0.298 0.33 10 
Nickel <0.02 0.08 200 

Potassium 14.1 11.2 23 
Selenium <0.002 <0.001 NC 

Silver <0.01 <D.05 NC 

Sodium 34.2 30 13 

Vanadium 0.02 0.25 170 

Zinc 0.009 <0.1 200 
Ammonium 0.6 0.4 40 
Bicarbonate 496 1000 67 
Carbonate 0 <1 NC 
Chloride 14 11 24 

Fluoride 0.38 0.4 5 
Hydroxide 0 <1 NC 
Nltrate+nitrite-N <0.5 <0.1 NC 
Sulfate 30 55 59 
Total Phosphorus 0.37 0.33 11 
pH, std. units 6 7.3 20 
Specific Conductance, ,umhos/Cm@ 25°C 1510 1430 5 
Total Dissolved Solids@ 18o•c 812 910 11 
Gross Alpha, total, pCUL 0 4.1 200 
Radium-226, total, pCill <-0.1 0.3 200 
Radlum-228, total, pCI/L <0.3 <8.3 NC 
Radon-222, total, pCI/L 62 205 107 
Uranium, total, mg/L <0.002 0.004 200 

Results are reported In mg/L except where noted. 

I RPO - Relative percent difference. EQual to the apsolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero is substituted when one result is less than the detection limit. 

NC - Indicates the RPO value can not be calculated due to both results being less 
than the detection limit. 
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TABLE S-5. SPLIT SAMPLE ANALYTICAL METHOD COMPARISON 

METHOD OF ANALYSIS METHOD OF ANALYSIS 

ANALYTE CN/ALR CORE ANALYTE CN/ALR CORE 

Aluminum 6010 (1) ICP 7020(1) FLAA Zinc 6010 (1) ICP 7950(1) 

Arsenic 7061 (1) H 7061 (1) H Ammonium 350.1 (2) AP 350.3(2) 

Beryllium 7091 (1) GFAA 7090(1) FLAA Bicarbonate 310.1 (2) T 310.1 (2) 

Cadmium 7131 (1) GFAA 7130 (1) FLAA Carbonate 310.1 (2) T 310.1 (2) 

Calcium 6010 (1) ICP 215.1 (2) FLAA Chloride 325.3 (2) T 325.1 (2) 

Chromium 6010 (1) ICP 7190(1) FLAA Fluoride 340.2 (2) ISE 340.2 (2) 

Copper 7211 (1) GFAA 7210 (1) FLAA Hydroxide 310.1 (2) T 310.1 (2) 

Iron 6010 (1) ICP 7380(1) FLAA Nllrate+nltrlle-N 353.2 (2) ACR 352.1+354.1 (2) 

lead 7421 (1) GFAA 7420(1) FLAA Sulfate 375.2 (2) AM 375.2 (2) 

Magnesium 6010 (1) ICP 242.1 (2) FLAA Total Phosphorus 365.2 (2) MA 365.2 (2) 

Manganese 6010 (1) ICP 7460(1) FLAA pH, std. units 150.1 (2) E 150.1 (2) 

Nickel 219.2 (2) GFAA 7520(1) FLAA Specific Conductance 120.1 (2) E 120.1 (2) 

Potassium 258.1 (2) FLAA 258.1 (2) FLAA Total Dissolved Solids 160.1 (2) G 160.1 (2) 

Selenium 7741 (1) H 7741 (1) H Gross Alpha 900.0 (3) GFPC 900.0 (3) 
Sliver 7761 (1) GFAA 7760(1) FLAA Radlum-226 903.1 (3) REAS 903.1 (3) 
Sodium 6010 (1) ICP 273.1 (2) FLAA Radlum-228 904.0 (3) LBPC 904.0 (3) 
Vanadium 7911 (1) GFAA 7910 (1) FLAA Radon-222 --- LS ---

Uranium 908.1 F 908.1 

CN/ALR- Chon-Northern, Billings, Montana. Acculaba Research, Golden, Colorado. 
CORE -Core Laboratories, Casper, Wyoming. 
(1)- Method lrom •Teat Methods lor Evaluating Solid Waste, Physical/Chemical Methods, SW-848, Third Edition, September 1988". 
(2)- Method lrom "Methods lor Chemical Analysis of Water and Wastes, EPA-600/4-7~20, March 1983". 
(3)- Method from "Proacrlbod Procedure a lor tho Measurement of Radioactivity In Drinking Water, EPA-800/4-80-075, November 1980". 

ICP - Inductively Coupled Plasma Atomic Emission Spectrometry 
GFAA- Graphite Furnace Atomic Absorption Spectrophotometry 
FLAA- Flame Atomic Absorption Spectrophotometry 
H- Ga&eoua Hydride Flame Atomic Absorption Spectrophotometry 
AP - Automated Phonate Colorimetric Method 
T- Tltrlmotrlc Mothod 
AF - Automated Ferrlcyanldo Colorimetric Method 
ISE - lon Selocllve Electrode Method 
ACA - Automated Cadmium Reduction Colorimetric Method 

BM - Brucine Sulfate/Manual Dlazotlzatlon Colorimetric Method 
AM- Automated Methylthymol Blue Colorimetric Method 
MA- Manual Aacorblc Acid Colorimetric Method 
E - Manual Electrode Method 
G- Gravimetric Method 
GFPC - Gaa Flow Proportional Counting Method 
AEAS - Radon Emanation Alpha Scintillation Method 
LBPC -Low Background Proportional Counter 
LS- Liquid Scintillation Method 
F - Fluorometrlc Method 

• 
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TABLE S-6. SOIL SAMPLE AELD DUPUCAlE SUMMARY 

ANALYlE S-8A S-8A-DUP RPD 

Aluminum 21900 22500 3 

Arsenic 5.6 6.6 16 

Beryllium 2 2 0 

Cadmium 13 14 7 

Chromium 39 42 7 

Copper 17 17 0 

Iron 17300 17700 2 

Lead 24 28 15 

Manganese 411 406 1 

Nickel 30 32 6 

Potassium 4600 5500 18 

Selenium 1 0.8 22 

Silver 1.5 1 40 

Sodium 424 399 6 

Vanadium 63.3 67.4 6 

Zinc 210 215 2 

Auoride 33.1 33.1 0 

Cation Exchange Capacity, meQ!100g 17.6 1a6 6 

Nitrate+nitrite-N 6.1 5.1 18 

pH, std. units 7.6 7.5 1 

Polonium-21 0, total, pCI/g 5.7 5.7 0 

Thorium-228, total, pCI/g 0.9 1.2 29 

Thorium-230, total, pCI/g 3.1 2.8 10 

Thorium-232, total, pCI/g 1 0.6 50 

Lead-21 0, pCI/g 6 6.9 14 

Uranium, pCI/g 4.2 4.1 2 

Radium-226, pCi/g 4 3.8 5 
Radium-228, pCI/g 1.2 1.1 9 
Potasslum-40, pCi/g 16 17 6 

Results are reported in mg/Kg except where noted. 

RPD - Relative percent difference. EQual to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero is substituted when one result Is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 
than the detection limit. 
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TABLE S-7. SOIL SAMPLE Aa.D DUPUCATE SUMMARY, CONT. 

ANALYTE S-8B S-8B-DUP RPO 

Aluminum 29200 31700 8 

Arsenic 6.7 6.4 5 
Beryllium 2 2 0 

Cadmium 13 13.1 1 

Chromium 57 60 5 

Copper 17 17 0 

Iron 246aa 24aaa 2 

Lead 21 18 15 

Manganese 424 424 0 

Nickel 32 37 14 

Potassium 54aO 520a 4 

Selenium 1 1 0 

Silver 1 1 a 

Sodium 349 399 13 

Vanadium 87 92 6 

Zinc 210 215 2 

Fluoride 23 25.8 11 

Cation Exchange Capacity, meQ11aag 17.6 23.3 28 

Nitrate+nitrite-N 9.8 19 64 
pH, std. units 7.6 7.4 3 
Polonium-21 a, total, pCI/g 7 5.5 24 

Thorlum-228, total, pCI/g 1 1 a 

Thorlum-23a, total, pCI/g 4 3.9 3 
Thorlum-232, total, pCI/g 1 0.9 11 

Lead-21 a. pCI/g 6.5 6.8 5 

Uranium, pCi/g 3.1 3.2 3 

Radium-226, pCI/g 3.7 3.4 8 

Radium-228, pCI/g 1.1 1.1 0 

Potassium-4a, pCi/g 16 15 6 

Results are reported in mg/Kg except where noted. 

RPD - Relative percent difference. EQual to the absolute value of the difference 
between two measurements divided by the average and multiplied by 10a. A value 
of zero is substituted when one result Is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 
than the detection limit. 
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TABLE S-8. SOIL SAMPLE FIELD DUPUCATE SUMMARY, CONT. 

ANALYTE Back-38 Back-3C RPD 
Aluminum 17400 16700 4 

Arsenic 5 5 0 
Beryllium 1 2 ff1 
Cadmium 7 6 15 
Chromium 15 13 14 
Copper 14 15 7 
Iron 23000 21900 5 
Lead 81 25 106 
Manganese 514 493 4 
Nickel 37 37 0 
Potassium 3800 3900 3 
Selenium <0.6 <0.6 NC 
Silver <2 2 200 
Sodium 798 972 20 
Vanadium 42 40 5 
Zinc 78.3 63.8 20 
Fluoride 5.7 3.9 38 
Cation Exchange Capacity, meQI100g 22.3 22.5 1 
Nitrate+nltrite-N 12 13 8 
pH, std. units 7.7 7.7 0 
Polonium-21 0, total, pCi/g 1.4 1 33 
Thorlum-228, total, pCi/g 0.9 0.9 0 
Thorium-230, total, pCi/g 0.9 0.8 12 
Thorium-232, total, pCI/g 1 1 0 
Lead-21 0, pCi/g 1.2 1.1 9 
Uranium, pCI/g 1.2 0.8 40 
Radium-226, pCI/g 1 0.9 11 
Radium-228, pCi/g 1.2 1 18 
Potassium-40, pCi/g 15 15 0 

Results are reported in mgJKg except where noted. 

RPD - Relative percent difference. EQual to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero is substituted when one result is less than the detection limit. 

NC- Indicates the RPD value can not be calculated due to both results being less 
than the detection limit. 
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TABLE S-9. SOIL SAMPLE AELD DUPUCA1E SUMMARY, CONT. 

ANALY1E SodaN SodaS RPD 

Aluminum 7280 8460 15 

Arsenic 8.2 15 59 

Beryllium 2.7 3 11 

Cadmium 25.1 29.6 16 

Chromium 13 19 38 

Copper 7 16 78 

Iron 194000 197000 2 

Lead 11 10 10 

Manganese 1200 1270 6 

Nickel 82.3 89 8 

Potassium 13500 13900 3 

Selenium 1 1.2 18 

Sliver 0.2 0.5 86 

Sodium 600 BOO 29 

Vanadium 94 208 75 
Zinc 100 110 10 

Auoride 2.3 1.7 30 
Cation Exchange Capacity, meq/100g 33.2 58.1 55 

Nitrate+nitrlte-N --- --- -
pH, std. units 7.1 7.6 7 
Polonium-21 0, total, pCUg 0.5 0.6 18 

Thorlum-228, total, pCI/g 0.3 0.3 0 

Thorium-230, total, pCi/g 1.4 0.7 67 
Thorium-232, total, pCI/g 0.3 0.1 100 

Lead-21 o. pCI/g 0.4 0.5 22 
Uranium, pCI/g 0.6 0.6 0 

Radium-226, pCilg 0.6 0.6 0 

Radium-228, pCilg 0.4 0.4 0 
Potassium-40, pCI/g 5.4 5.3 2 

Results are reported In mg/Kg except where noted. 

RPD - Relative percent difference. Equal to the absolute value of the difference 
between two measurements divided by the average and multiplied by 1 00. A value 
of zero is substituted when one result is less than the detection limit. 

NC - Indicates the RPD value can not be calculated due to both results being less 
than the detection limit. 

• 

913-1101.211 



17-Apr-92 

TABLE 5-10. SOIL SAMPLE AB.D SPUT SUMMARY 

ANALYTE 8-11b 5-11b-S RPD 
Aluminum 27200 12600 73 
Arsenic 5.6 4.3 26 
Beryllium 2 0.7 96 
Cadmium 16 19.3 19 
Chromium 55 30.3 58 
Copper 2 17.8 160 
Iron 20000 11800 52 
Lead 20 21.9 9 
Manganese 417 463 10 
Nickel 35 23.6 39 
Potassium 5400 3530 42 
Selenium 1.2 2.8 80 
Silver 1.5 6.7 127 
Sodium 300 680 78 
Vanadium 87 78.5 10 
Zinc 250 209 18 
Fluoride 24.8 6.7 115 
Cation Exchange Capacity, meq/1 DOg 19.4 <10 200 
Nltrate+nltrlte-N 5.6 <0.1 200 
pH, std. units 7.0 6.75 4 
Polonlum-21 0, total, pCUg 4.1 - ---
Thorlum-228, total, pCUg 1.1 1.5 31 
Thorium-230, total, pCUg 3.4 3.7 8 
Thorium-232, total, pCUg 1.3 1.4 7 
Lead-21 0, pCI/g 4.5 4.4 2 
Uranium, pCUg . . ---
Radlum-226, pCI/g 3.0 3.7 21 
Radlum-228, pCI/g 1.2 4.1 109 
Potassium-40, pCi/g 19.0 18.5 3 

Results are reported In mg/Kg except where noted. 

RPO - Relative percent difference. EQual to the absolute value of the difference 
between two measurements divided by the average and multiplied by 100. A value 
of zero is substituted when one result Is less than the detection limit. 

--- - Indicates analyte not determined. 

• - Results could not be compared since uranium was analyzed by ALA using 
gamma spectrometry and by Core using fluorlmetric procedures. 
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APPENDIXS 

ATIACHMENT 1 

INORGANIC DATA ASSESSMENT SUMMARIES- WATER SAMPLES 



I • I 

• 

INORGANIC DATA ASSESSMENT SUMMARY 

PROJECT NO. 91~-//C-7/,21/ SITE .4~.11'P~ ~H..r 
LABORATORY ?Jet~ -AJ,.dt'vy SAMPLES/MATRIX-~....:.-__ _ 

~-0-~ 1 ZII¥J7.. /ZI/J~ 

SDG il ~'-zt? uJ /~l/r5- t_Z//(-?-. t_2 1/~Z-
!> 

!..l:.t..'~ ~ 
DATA ASSESSMENT SUMMARY M-1-Ck-

.!Z5e 
ICP AA -H6- CYANIDE 

1. HOLDING TIMES 0 0 cl 
z. CALIBRATIONS 0 cJ (2 

3. BLANKS 0 (2 a 
4. ICS C2. 
5. LCS Q Q Q 
6. DU?LICATE ANALYSIS Q Q cJ 
7 . M:.TRIX SPIKE cJ 0 cJ 
a. MSA x;J.. 
9. S£Rl.:..L DILUTION 0 ' X r'fl~z. 

t2. a. ~ 10. s;..~?LE VERIFICATION 

11. OiHER QC Q 0 C) 
12. OVEh.:..LL ASSESSMENT a Q K' 
0 • Data had no problems/or qualified due to minor problems. 
M =Data qualified due to major problems. 
Z • Data unacceptable. 
X • Problems, but do not affect data. 

I 

NOTES: ~~~~~w~~~~~~~~~~~~~~~~~~~~ 
.::2 ·"" .t..-t:· 

{1~~2-



SOG # 9/-9¥'2- Project No. ?/f'" #cJ/.. Z // 

Acceptable • 
YES NO 

1. Holding Times ------------·-··------------------ ~ 
~u~ ~~«!.,. ~~~~5~ 

: a#ac/J d~-~~~ ~ ~ 

• 4. ICP Interference Check Sample (ICS) ------------ ~ 
-.::TCL 4-C~ --

5. Laboratory Control Sample (LCS) ---------------- ~ --
.Cd!S:: ~r~ 

6. Duplicate Sample Analysis ---------------------- ~ < 

&z--1 ¥-c:~.Z ~/<.Lr-::z &r~~--.. -

7. Matrix Spike Sample Analysis --------------···-- ~ --
r~/P64r~-< • 



• 

. ICP Serial Dilution ···········----------------- ___;;._ 

~5£2~~~ 

• 11. Field Duplicates ------------------------------- ____ ____ 

... <··'# 

" 

• 



• 

----......--- .... - --

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Tns. Sample No. Calf Spring 

Matrix (Soil/Water): __ W.....,..at .... e'-r ---­
Level (Low{Med): ---------

Soli~ --------~-------------

Lab Sample ID: __ 14.112 .... 11 ... 4:a.5 ___ _ 
Date Received: __ l&.l;O""/.t.ll8"'/"""9 .... 1 __ _ 

Cooccotratioo Units (mg/1 or mg/kg dry weight): mgn 

CAS NO. ANALY'Il! CDNCENTRA'l10N .•·· .. ·c·· I.: .. ;: •. , •.. 0 . :.· ... ·y .·:: 

/ ' 
7429-9G-S Aluminum ;4.16 lL p 

7~:JS.2 Anc1lic O.IXIl./ t1 H 

7~1-7 Beryllium 0.001~ t1 .A"' 
7~3-9 Cadmium 0.006/ p 

7440-'70-2 . Caldum 128 ,- p 

7~7-3 • CuomJum 0.01 / t1 ff p 

7440-»8 Copper o.oas/ t1 p 

7439-89-6 lro1l CI.067 / • I p . -
7439-92-1 Lead 0.001/ '' p 

7439-~ Magnesium 69_..,- p 

7439-96-S r Manganese 0.01..5 /' ~~ p 

7440-42.0 N'tckel O.D2/ l1 F 

7440..()9-7 . PotasSium 14.3 ./ A 

7782-49-2 Selenium O.OD3/ .. t1 H 

7440-22-4 SUwr (~ 0.01/ l1 _.p-

7440-23-S . Sodium ~ 55,..., p 

7440-62-2 Vanadium 0.01/ 
. , 

p ......... 

744().(j6.6 . 7lnc 0.071 _...-- . I p - . 
Ammonium 0.10 ...,., t1 AP 

Bicart>onate S42/ T 

Cart>onate o/ T 

Chloride 17/ T T 

Fluoride 3.0 --- ISE 

Hydrt~xide o/ T 

Nitrate/Nitrite as N 2.56/ ACR 

Sulfate 126 
,..., 

AM 

Total Phosphorus 0.31 
__... I / 

MA -·:. 

pH 6.7/ E 

Specific Ccnductante 13".0/ :r E 

Total Dissolved Solids BD7/ 0 

Turbidity Not required N 

-14-
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--- - - ·.:.·. -·· .. -~---·: ··• • • · n·- ·=·· • .... o= =· = c · z· - n "c= ===== 

INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Inc. Sample No. Mormon B 

Matrix {Soil/Water): --~:.::'W..aat,u,e""r ___ _ 

Level (LowfMed): ---------
Lab Sample ID: _.....t.At2~1~146~---
Date Received: _...ll.i10~/-A18w.~/~9.A.l __ _ 

Solids: ____ _;;;;..._ ____ _ 

Concentration Units (mg/1 or mg/kg dry weight): mgO 

CAS NO. ... ; ... ·<. ANALYI'B .·::.: .-:.::.::: ; .. · CX»NCEm'R.A1lON .. : ... . c:: :: :':_:,,:,.:::·,0 :;:,::_.·.·. ·'M·: , 

0.14/ 
: 

7429-90-S Aluminum - . p 

7440-38-2 Ancnic 
. D.002/ u H r• 

7440-41-7 Beryllium 0.001V u ~ 

7440-43-9 Cadmium o.oos / u p 

7440-7G-2 Calcium 88 .,..- p 

7440-47·3 Cuamlum 0.01,.- u 7 p 

7440-SQ.I Copper o.oos./ u p 

743UU boll Q.025~· u p 

7439-92·1 Lad 0.001 / u p 

7439-95-4 Magnesium 98 .,.,..- p 

•• 7439-96-S Manganese o.oos--- . . 
p 

744G-02.0 Nickel o.m/ u p 

7440-09-7 Potaslium u.s/ A 

7782-19-2 Selenium 0.003/ u H 

7440-22-1 Si~r 0.01/ u .¥' 
1440-23-S Sodium 64/ p 

744o.62·2 Vanadium o.ot/ - p 

~ Zinc 0.008/ V./ IV?S p 

Ammonium 0.10 / u AP 

Bicarbonate 536/ T 

Carbonate 0 ............. T 

Chloride 95/ :r T 

fluoride 1.6 v-- ISE 

Hydrodde 0,............. T 

Nitrate/Nitrite as N 3.615 /" ACR 

Sulfate 1SO ~- A.\f 

Total Phosphorus 0.31 -· , I 
... MA 

• pH 6.1/ B 

Specirac: Conductance 1510 / ::r E 

Total Diuolwd Solids 833/ 0 

Turtlidicy Not required N 



-- - -------------

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Ine. 

Matrix (Soil/Water): _..;.;WuaL.I.Iteo.~.r ____ _ 

Level (Low/Med): -------­
Solids: 

Sample No. Mormon C 

Lab Sample ID: _ _.1 .... 21.,.1...,47.__ __ _ 
Date Received: _ _.lyj0""'/o~~.~l8""/""'9""'1 ----

Concentration Units (mg/1 or mg/kg dry weight): mgll 

.. 
CAS NO. .. - :ANALYTB· ·, __ ~.; ... ,·'< ·_'·.·CDN~'IlON c o· :}.(··· 

7429-9M Aluminum 0.11 / 
I 

p 

7440-38-2 Anenic o.tm/ t1 H 

7440-41-7 Bayllium 0.001 / t1 ~ 

7440-43-9 Cadmium o.oas/ t1 p 

7440-70-2 Calcium 104./' p 

7.£.4().47-3 Clromium o.ot/ t1 ~ p 

744().5().8 Copper 0.005 t1 p 

7439-8~ ball / 
0.025 ' t1 p 

7439-92-1 Lead 0.001/ t1 p 

7439-9~ Magnesium 74./' p 

7439-96-.S Manganese o.oas/ . I p 

'744();02-0 Nickel 0.02/ t1 F 

744G-09-7 Powsium 13.7/ A 

7782-49-2 Selenium 0.003 / t1 H 

7~22-4 Sil~r 0.01 ./ t1 A" 

7~23-S Sodium 29/ p 

7440-62·:! Vanadium 0.01 / lA. F 

7~ Zinc 0.1)(8/ t1 p 

Ammonium 0.10~ t1 AP 

Bicarbonate 536/ T 

Carbonate 0 ~ T 

Qloride 37/ :r T 

Fluoride 1.l i/' ISC 

Hydroxide o/ T 

Nitrate/Nitrite as N S.20/ A CR. 

Sulrate 78 
_....,.., 

AM 

Total PhosphoNS 0.21 --- ; - MA 

pH 6.7/ E 

Specific Conductance 1050./ ::r E 

Total Dissolved Solids '705/ G 

Turbidiry Nor required N 

-16-
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- - -----------
INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Nonh::rn. Inc;. 

Matrix (Soil/Water): __ w~atu.e.&..r ---­
Levc:l (Low/Med): --~----

Soll~ ----------~-----------

Sample No. Homestead 

Lab Sample ID: __ 12.,.1.148~---
Date Recch·ed: __ J~0"/_..18~/~9~1 __ _ 

Conccnuation Units (mg/1 or mg/kg dry weight): mg/) 

.. 
.ANAL'YTB . _, .. : .... ,:.=: ·- ·-CAS NO. .· ·. CX)NCENTRA'nON· ·: ··c-::.-: . ." .. ···:_ ·:Q·.:·.:.·- : .. · M::·: 

'7429-90-S Aluminum 0.10 /...,...... ~ -~ P 

~~--'-~--1-~--~----&-~~uum ______ ~------~-oo_t_~~,/--+--u~------~~~~~~ ~ 
'7410-43-9 Cadmium O.OOS ,/ U P 

'7~ '70-2 Calcium 102 ~ _,_ P 

'7~so.l Copper o.oos / u p 

'7439-&U Iron ~025.......- u p .• h 
'7439-92-1 Lead 0.004/ .,Y~' p IJ1;;tfy-rZ, 

~~-----~------------~------~~--r---~----~--~1 '7439-9~ Magnesium 9S _,- P 

7439-96-S Manganese O.OOS /. _.. : ~ P 

'7440-02-4 Niml ~02 / L u P 

'744().09-'7 Potallium 6.1 ,/ A 

7782-49-2 Selenium 0.003 / __, U H vf12> 
7~22-4 Silwr 0.01 / U f"-: r-G 

1~------+---------------r----------~--~~--------~~~~' 
31/ ·P Sodium 

'74.4().Q-2 Vanadium 0.01/ ·-" p 

Zinc 0.008........... u p 

Ammonium 0.10 _....-./ U AP 

Bicarbonate 

Carbonate 

Olio ride 

Fluoride 0.4 .~ lSE 

Nitrau:/Nitrite as N 5.50/ ACR 

Sul(ate 

Total PhCLqlhonas 0.2A/ / ~-~ MA 

pH 

Spccilic: Conductance 1010/ \]" E 

Total DissoMd Solids 

Turbidiry Not required N 

-17-



-------------------------------

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): __ .-:.W:.~a"'"te.w.r ___ _ 

Level (Low/Mcd): --------­
Solids: 

Sample No. TW-2-RFK 

Lab Sample ID: __ 1.,2..,11._.4~9 ___ _ 
Date Received: _...A.IlOu./.6118""/~96..1 __ _ 

Concentration Units (mg/1 or mg/kg dry weight): mgn 

... .. ... . . .· _ _,,:.-·::··,:o·.',,·', .· M·;-CASNO •. · · . '"·'· .. .ANALYTB CONc:eN"'1lA'llON .·.·. ., .. ·c·· .. 

7429-90-S Aluminum 0.13 / i p 

7440-311.2 Ancnic 0.002/ u H 
/ 

7440-41-7 Beryllium 0.001 / u ,.r-
7440-43-9 Cadmium 0.005 / u p 

7440-'71).2 Calcium 116./" p 

7440-47-3 Olromium o.o1/ u A p 

7440-5().8 Capper Q.021./ . ; p -
743~ bon 0.069/_,. .:.J . p 

7439-92-1 Lead 0.001/ u p 

7439-9.5-4 Magnesium BJ .,.,.- p 

7439-96-S Manpnae 0.016 /"', J . p 

7440-42.0 Nit'kel 0.02/ u p 

7440-D9-7 Potassium 4.8/ A 

77Bl-49-2 Selenium O.OD3 /. u H 

7440-22.-4 S"dwr 0.01/ u _,-
7440-23-S Sodium 15/ p 

7440-62-2 Vanadium 0.01/ u p 

744()..66.6 Zinc 1.41/ p 

Ammonium 0.10/ u AP 

Bicartxlnate 472~ T 

Cartxlnate o/ T 

Chloride 17/ T 

Fluoride 0.2 --- IS£ 

Hydroxide o/ T 

Nitrate/Nitrite as N 142/ ACR 

SulCate 14 -- AM 

--- . ·' 
Total Phosphorus 0.10 ,· , MA 

pH 6.5/ E 

Specific Condunanr:c 1020/ ~ E 

Total OissoMd Solids 631' Ci 

Turbidity Not required N 

-18-
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' . - ....a=.r..-. •. !.; • "-~.; 

··-··· _:s__....,_,,.... ____________________ _ 

INORGANIC ANALYSIS DATA SHEET (t12z1cr: 
02- .. 

Lab Name: Chen-Northern. Inc:. Sample No. _,.~,FB-.;&f:.~.o~,;-~R:.~.fK.Q.. ___ _ 

Matrix (Soil/Water): _..;;W:;..~;a~.~.~te:.:.r ____ _ Lab Sample ID: _ .... 121141....,15.:~~~0 ___ _ 
Level (Low/Med): __ .;;;.... ____ _ Date Received: _..,10~;~,~1,.1~8..,.(9~.~~1...._ __ _ 

Solids: ------------

Coaceatratioa Units (mg/1 or mg/kg dry weight): mgn 

7429-SIC~S Aluminum 0.02 / t1 P 

7440-38-2 Arsenic 0..()0% / t1 H 

~~--7~ __ 1--7--r---&-~-l-iu_m ____ ~~-----o.-oo_1_~~----~t1~~------~~~~~~ ~ 
7440-43-9 Cadmium O.OOS ./ t1 P 

Cal dum 

7.UO..S7-3 Chromium 0.01., v X r 

Copper 0.006./ p 

lton 0.025.........- • t1 p 

7439-92-1 Lead 0.001/ p 

7439-95-4 Magnesium o.s/ t1 p 

7439-96-S Manganese o.cm/ t1 P 

Nickel 

744()..09-7 Pocassium 

Selenium 

744().22-4 Silver 

7440-23-S Sodium p 

Vanadium 0, () / .A.91 t's C ~ p 

Zinc 0.008/ t1 p 

Ammonium 0.10 _,.,- t1 

Bicarbonate 0.1/ t1 T 

Carbonate o/ T 

Chloride 0.1 / t1 T 

Fluoride 0.10 / t1 ISE 

Hydroxide o/ T 

Nitr.ne{Nitrite as N o.so/ t1 ACR 

Sulfate AM 

Total Phosphorw~ t1 MA 

pH 4.8 E 

Speafic: Conduc:tanc:c to/,. t1J" E 

Total Dissolved Solids t1 0 

Turbidity Not required N 

-19-
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. PW-1-RFK 

Matrix (Soil/Water): _.-.W~awte..:.r ____ _ Lab Sample ID: _..a1..,.21~~.~~~1 .... 53..._ __ _ 
Level (Low/Med): __ ..;;;.... ____ _ Date Received: __ l~~.~~O"'-/Al18'"/..:.9A.1 ___ _ 

Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mgD 

··CAS NO. -. 
.. 

ANALYI'B --- · .. ·· .. CX>Na!N'I1lA"I10N ··c·'· , ::~t'o, ..... .,. .. ,.-M.·-........ 

7429-90-S Aluminum 0.17/ /~ 
I I p .. -

7440-38-2 Ancnic: 0.002/ u H 

7~1-7 Beryllium 0.001 ,. .. u .T 
744G-4>9 Cadmium o.oso/ F 

744(). '70-2 Calcium 134/ p 

'7440-4'7-3 Onomium 0.01/ u ~ p 

7440-50-8 Coppc1' o.oos/ u p 

7439-89-6 II"'n 0.025/ I p . 
7439-92.1 Lead 0.001/ u p 

7439-95-4 Magnesium 71 /' p 

7439-~5 Manganese 0.005/ : p .• . 
7~-0 Nickel 0.02/ u p 

744().()9-7 Potassium 12.2 / A 

77Bl-49-2 Selenium 0.007/ H 

7440-22-4 Silver 0.01/ u f 
1440-2>5 Sodium 44.,.,-- p 

7440-62-2 Vanadium 0.02/ .. p 

0.077 ./" ' 744().66..6 Zinc: .. p 

Ammonium 0.10/ U. AP 

Bicarbonate 452 / T 

Carbonate 0/ T 

0\loride 136/ T 

fluoride 1.3 ~ ISE 

Hydi"'xide o/ T 

Nitrate/Nitrite as N 5.to/ A CR. 

Sulfate 162 --- AM 

Total Phosphorus J..W"' /.Ia t.t: 1- MA 

pH 6.7/ E 

Specific CondUCtance 1.540 /_,.. iT E 

Total Dissolved Solids 960./ 0 

Turbidiry Not required N 

-20-



INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Ine . Sample No. _ .... rw~-2a:·R~EJ{Q... __ _ 

Matrix (Soil/Water): __ w.:..t.aar~.~~e""r ----
Level (LowjMed): __ ....::., ____ _ 

Lab Sample ID: _..~~1,:216.1!1~54::-----
Date Received: __ l~Ou.l~l8iil.ll:.;o:9At ___ _ 

Solids: ____ ....;;;.. _____ _ 

Concentration Units (mg/1 or mg/kg d:y weight): mg/1 

CAS NO. ·.:·. . ANALYI'B . :::;,;.:::/:· I·: ;,. cDNc::mn"RAnoN :-.: 
C' :.:."://:Q .. ·:i:';'':: .... ::.:. :M·': 

1429-90-S AJumiDum 0.12 /_ I I p --
7440-38-2 Aftcnlc 0.002/ u H 

7440-41-7 Beryllium 0.001/ u· _,_ 
7440-43-9 Cadmium 0.020/ p 

7440-70-2 Calcium 119/ p 

'744()..47-3 Chromium 0.01- u ff p 

7440-50-8 Copper 0.005/ u p 

7439-IU Iron o.~ 
. . p -

7439-92-1 Lead 0.002/ i p . -
7439-95-4 Magnesium 57/ p 

• 7439-96-S Manganese o.oos/ I p --
7~.0 Nickel 0.02/ u p 

7440-®-7 Potassium 6.2/ A 

77!l-49-2 Selenium o.cm/ u H 

7440-22-4 Silver 0.01/ u ,Y 

744~23-S Sodium 20/ p 

7440-Q-2 Vanadium o.os/ I p ,• . 
7~ Zinc 0.015/ ' p 

~-

Ammonium D.15/ AP 

Bicarbonate 443/ T 

Carbonate 0 T 

Chloride 28./ T 

Fluoride 0.40 
__....-

lSE 

Hydroxide v T 

Nitrate/Nitrite u N 4.05/ ACR • 

Sulfate 84 _,/ AM 

I Total Phosphorus ~}4- / 'I MA .·-

• pH 6.7/ E 

Specific Conductance 1030/ J'" E 

Total Dissolved Solids 625/ G 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. -.£.P~W:..;.-3,.;;·~R..._FK~---

Matrix {SoilfWater): __ w~at~.a~e.._r ---- Lab Sample ID: _..o~1-=.21641.,...5So~-__ _ 
Level {Low/Med): __ ...;;;.... ___ _ Date Received: __ 16.l!OIJ./.&:18~/~9..t.l ___ _ 
Solids: ____ ..;;;.. _____ _ 

CouCCDtratiou Units (mg/1 or mgjkg dry weight): rns;n 

-·. ·_,_,_,::_:::-_:·:- -c- -:·,_.,,',:-:_----o--CAS NO. --- --- ANAL'Y'l'B CXlNc:::eNnlAnON 
: -· .M --

7429-90-S Aluminum 0.12 // 
. : p 

' 

7440-38-2 Arsenic: 0.002/ t1 H 

7440-41-7 Beryllium o.oo1/. t1 ~ 

7440-43.9 Cadmium 0.007/ p 

7440-~2 Calcium 126 _.,.... p 

744(1.47-3 O~tomium 0.01/ A p 

0.005/ 
, 

7440-S0-8 Copper t1 p 

7439-89-6 Iron 0.(151/ : p 

7439-92-1 Lead 0.001/ t1 p 

7439-95-4 Magnesium ..,.w: s-s- p 

7439-96-S Manpncse 0.006_.,..... • ! p -· 7440-02~ Nic:JccJ 0.04/ p 

7440-09-7 Potllllium 6.1/ A 

7782-49-2 Selenium 0.003/ t1 H 

7.a..w-22-.& Silva- o.o1/ t1 ,-
7.a..w-2:J.S Sodium Air ~tg,. p 

744C-Q-2 Vanadium 0.16 / 
• I 

p 

74J0.66..4 Zinc . 0.013/ ' . - p 

Ammonium 0.26/ lT AP 

Bicarbonate 428/ J T 

Carbonate o/ :f' T 

Olio ride lS/ T 

Fluoride 0.34 c..--- ISE 

Hydroxide o/ .:J T 

Nitrate/Nitrite as N 4.45/ A CR. 

Sulfate 90 ~ AM 

Total Phosphonn 0.49 ./ . I 
MA . 

pH u/ E! 

Specific: CDnductanee 1010 / J" E! 

Total Dissolved Solids 6.53/ J' 0 

Turbidity Not required N 

-22-
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern, Inc;, Sample No. PW-4-RFK 

Matrix (Soil/Water): __ w~a....,te"'r ____ _ 
Level (Low/Med): __ ..;.;._ ___ _ 

Lab Sample ID: _4.1112_.14.1115~6----
Date Received: _..,.IO""/r..~I.w.8~...-/9'-'~1.__ __ _ 

Solids: 
-------~~------------

Concentration Units (mg/1 or mg/kg dry weight): mgn 

. .. .. ·.ANALYI'B · .. ·:· ..•. 
·•. CDNC!NTRAnON 

.. ·.· ·: ... 
Q '••=•=: CASNO. · .. c ·····-:· ·.M· 

7429-90-5 AlumiDum o.os/.., . p 

7440-38-2 Arwlic OliOl/ u H 

7440-41-7 Beryllium 0.001,/ u r 
7440-43-9 Cadmium o.oos/ u p 

7440-~2 Calcium 120/ 
~ 

p 

7440-47-3 Olromium 0.01/ X p 

7440-51).8 Copper 0.005/ u 
•I 

p 

7439-89-6 Iron 0.36/ u p 

7439-92-1 Lead 0,001 / ., 
p -

7439-95-4 Magnaium 58/ p 

-· 7439-96-5 Manganae 0,007/ ! p -
7440-02-0 Nickel 0.02// u p 

7440-09-7 Potallium 4.fj/ A 

778l-49-2 Selenium D.003/ u H 

7440-22-4 Silver 0.01·/ u r 
7440-23-.5 Sodium 16 / p 

7.uo-62-2 Vanadium 0.01 / u F 

744().66..6 Zinc 0,008/ u p 

Ammonium uo./ u AP 

Bicarbonate 427/ T 

Carbonate o/.- T 

Chloride 14/ T 

Fluoride 0.23 / lSE 

Hydroxide o./ T 

Nitr.nefNitrite as N 3.80/ ACR 

SulCate ..,. .--- AM 

Total Phasphol'\11 0.10 c.,..../ ' MA ~ '-

• pH u/ E 

Spc:drac Condunance 838 / -- J' E 

Total Dissolved Solids 58.5 0 

Turbidity Not required N 
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-----------------------.., 

-- -- . .:.:;.~'-·-··· • .,-.==--- .. _...,... ___ _ 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Nprthem. Jne. Sample No. fB-01-RfK • Matrix (Soil/Water): __ ,;_w.~:~.~at..,e.a..r ---- Lab Sample ID: _....,.12""'1...,157"'----
Level (Low/Mcd): __ .....;.;.. ____ _ Date Received: _ ___.,10.w.lul..w8~...;/9i:..l1,__ __ _ 
Solids: 

Concentration Units (mg/1 or mgjlcg dry weight): mg/1 

-- .-•· C:oNCENI'M.noN. 
.. ·.· ... · ... 

•-o: : ::·: :·;~. CAS NO. ·-:.•.·.·. ANALYIB -. ... ·- --·c-. · .. · -}.(·'-. .. .. 

7429-~5 Aluminum 0.02 /'_, / p 

7440-38-2 AncDic 0.002/ t1 H 

744G··U·7 Beryllium 0.001 / t1 ~ 
, 
" 7440-43-9 Cadmium o.oos / t1 p 

7440-70-2 Calcium o.s/,., t1 p 

7440-47-3 Ouomium o.or" t1 
, p 

7440-5().8 Copper O.DQS / t1 F 

7439-89-6 lro4 o.OlY"' t1 p 

7439-92·1 Lead 0.001 / p 

7439-954 Magnesium o.s// t1 p 

7439-96-.5 Manganese o.oos / t1 p 

7440-02.() Nickel 0.02 / t1 p • 
7~7 PotasSium 0.4 / t1 A 

7782~9-2 Selenium 0.003/ t1 H 

7440-%2-4 Silva' 0.01 t1 ,A' 
7440-23-S Sodium 0.10 j,/"' p 

7440-62-2 Vanadium 0.01 / / t1 p 

7~ Zinc o.oos/ t1 p 

Ammonium 0.10 / t1 AP 

Bic:ubonate 1.0/ T 

Carbonate o/ T 

Oloride 0.1/ t1 T 

Fluoride 
~ 

~,C'/, ~ ~ ISE 

Hydroxide 0 / T 

Nitr.ue,/Nilrite u N o.so/ t1 ACR 

SulCate 1 
.,.,..--

AM 

Total PhosphoNS 0.10 
..,.., 

t1 MA 

pH 5.6/ E 

Specific: Conductance to/_, u:r E 

Total Dissolved Solids 10/ t1 0 

Turbidiry Not rcquiml N 

-24-



INORGANIC ANALYSIS DATA SHEET 

• Lab Name: __ ...l!Cc.~.h~.:e.~.~.n-.N.;.:.oo~.~.rt.u.b~.:e.i.irna .... In,...c..,. __ Sample No. _..£.nv~-28~-R~F'K~---

Matrix (Soil/Water): _.-;.W~a"""te...,r ___ _ Lab Sample ID: _ _.1.-.2111;41""'62~---

Level (Low/Med): --~---- Date Received: _ _.101100o~oo~l2ul,../9"'1...._ __ _ 

Solids: --------------

Coaccatratioa Units (mg/1 or mg/kg dry weight): -.u.m16zo~.~ll~--

.. 
: .. .,=,==.=:.:a·.::·<· .··.;·.· ··.·. ·= .. CASNO. .... .ANALY'n!.·· .. . . CX>NCEN't"RA110N " ··'c . 'Jd .... · .. ·· 

7429-90-S AlwniDum 0.16 / p 

7440-38-2 AJscnic 0.002/ tJ H 

7440-41-7 Bc!yUium 0.001 / tJ _,.... 
7440-4~9 Cadmium o.oas / tJ p 

7440-'70-2 Caldvm 203 / p 

7440-47-3 Chromium 0.01/ tJ ff p 

7440-.50-8 Copper o.oos/ vu p 
/ .. 

7439-89-6 lrcm ~J.;r:z. - p 

7439-92-1 Lead 0.001 / tJ p 

7439-9.5-4 Magnesium 119/ p 

• 7439-96-S Manpnese 0.008/ I p ... 
7~ N"ICkcl o.az/ tJ p 

7440-09-7 Potaaium &.4 / A 

7'782-49-2 Selenium 0.003/ tJ H 

7440-22-4 Silwf 0.01 / tJ / ~ 
7440-~S Sodium 31/ fY ./ 
7440-62-2 Vanadium o.o1/ tJ p 

~ Zinc 0.008/ tJ p 

Ammoalum G.lO / tJ AP 

Bic:arbollate toso/ :r T 

Carbonate o/ .J T 

Chloride 21/ T 

fluoride 0.15 ~ ISE 

Hydroxide o/' r T 

Nitrate/Nitrite as N 1.38/ A CR. 

SulCate '78 - AM 

• Total Phosphorus 0.21 
___... 

.t MA ;_, . 

pH 6.0/ I! 

Spcrir.c Conduc:tan.:e ~~ 'J" I! 

Total Oislolwd Solids 976 ./ G 

Turbidiry Not required N 
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-------

--- ---------------==--------
INORGANIC ANALYSIS DATA SHEET 

Lab Name: --~O,.,....e~n;.~.-N.;,lo""'r.uth.l.l;e""rnu.,._.II.Lini.lloe,,__ __ Sample No. TIV-29-BFK • Matrix (Soil/Water): _ _...w._.au.te..,r ___ _ 
Level (Low/Med): __ ...;..; ____ _ 

Lab Sample ID: _ .... 1~21~1~63~---
Date Received: _ _.1~.~;0:.~.12a..1L.~./""9 .. 1 ___ _ 

Solids: ____ _....;;;;;..... _____ _ 

Conc:.entration Units (mg/1 or mg/kg dry weight): ........ mlo6g"'-~/).._ __ 

.. : .. : '"eoNCENrRAno~- ·: 
··.·. Q :;-::_:··:::. },(·.:' CAS NO. .:·ANALY'IE :--·-· .. c ._:_:_.·:···.·: .. .:·::·-·.·.:· . 

0.18 V" .. 
7429-9G-S Aluminum . p 

7~38-2 Arsenic: 0,002./ lJ H 

7440-41-7 Beryllium 0.001 /_, lJ ~ 
7440-43-9 Cadmium o.oos/ lJ p 

~~2 Caldum 134/ ..... p 

7440-47-3 Chromium 0.01/ lJ ff p 

7~5()..8 Copper 0.005 / lJ F 

74~ baa 0.016/ .. p . -
7439-92-1 Lead 0,1)01 / lJ F 

7439-95-4 Magnesium n/ p 

7439-96-.S Manpncse 0.028./ 
. , 

p ,· "' 

7~~ Nickel 0.02 / lJ p • 
7440-09-7 Po&assium 5.6 / A 

7782-49-2 Selenium 0.003/ lJ H 

7~22-' Silver 0.01 / lJ ,;-

740-23-.S Sodium 21/ p 

740-62·2 Vanadium 0.01 / lJ p 

7440-66-6 ZJDc: 0,008/ lJ p 

Ammonium 0.10 lJ AP 

Bicarbonate 611 / -:;- T 

Carbonate 0 / .:r T 

Chloride 18 _,/"' T 

Fluoride 0.22 ~- ISE 

Hydroxide o../ r T 

Nitrate/Nitrite as N 4.25/ ACR 

SiliCate 90 r- AM 

Total PhosphoNS 0.21 ~ ' I ~ ., MA 

pH 6,4'/ E 

Specific: Ccnducunce 1040/ if E 

Total Dissolved Solids 667 G 

Turbidity Not required N 
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·-~ ... 

INORG~"1C ANALYSIS DATA SHEET 

• Lab Name: --~C..:.h~.~r.e.~.Ln·.N;:,~oo.r.t.r~th~.~r.e.&.lrna . ..t.I~nc ..... __ Sample No. TIY-9-RFK 

Matrix (Soil/Water): _ _....:.Wo.:~a....,.te..,r ___ _ 
Level (Low/Med): __ _,;;; ____ _ 

Lab Sample ID: 121164 
Date Received: -~JO .... t""2rl&.ll"='/9 .... 1----

Soli~ ----~-------
Concentration Units (mg/1 or mg/kg dry weight): _..u.m,.g""'!J~.-__ 

: . ANALYI'B ·.·=.=:;.·· .. .::' CoNCENI'M.110N . C .;:::::o . . ...... · 
CAS NO. .. . ·.:: .... ;: . .,,..: .. · 

Q.%5/ 
. 

7429-90-5 Alumunam . p 

7~38-2 Atscnic o.cm / 1J H 

7~1-7 Beryllium 0.001 / 1J y 

7~3-9 Cadmium o.oas./ 1J p 

7~70-2 Calcium ua"""' , p 

7~7-3 Clromium o.o;/ 1J _/(' p 

7~SQ.8 Copper o.oos./ / 1J p 

743U9-6 Iron 16.1/ p 

7439-92·1 Lead o.oo4/ ' . p 

• 
7439-95-4 Magnesium 119/ p 

7439-96-5 Manganese 0-495/ p 

744().02.0 Nidtcl o.o3/ p 

'7440-09-7 PotaSSium 17.2/ A 

7782-t9-2 Selenium 0.~/ 1J H 

74-10-22-t Silwr 0.01/ 1J .,:I"" 

7~23-5 Sodium 43/ p 

7440-62-2 Vanadium 0.01/ ./ 1J p 

744()..66.6 Zinc 0.011 ,/ I p ; , 

Ammonium 0.74 /"' A: i AP -
Bicarbonate 1292/ ~ ~ T 

Carbonate 0/ :r T 

Chloride 24/ T -Fluoride 0.34 tsE 

Hydroxide o/"' ~ T 
• (i.50/ Nicrate/Nitritc as N 1J ACR 

Sulfate 96 ,..,.--
AM 

• Total PhosphoNS O.Sl 
-7 

' ! MA --
pH 6.0/ E 

Specific Condurtancc 1910 ./ 'J" E 

~tH 
,pifz-

- ---------------------------------~ 

Total DissoMd Solidi 1090 0 

Turbidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: --~Cb ....... e,~.~.n-_,N .... o ... r.~o~oth,....e""'m...,. ,&jln~.~.:~c .... __ Sample No. TW-21-REK 

Matrix (SoilfWater): -~W:.~al.l.lte..a.r ___ _ Lab Sample ID: _...,~~1..:.216.1!1~65.._ __ _ 
Level (LowfMed): __ ...;;;.. ___ _ Date Received: _ _,1...,0""'12""'1t.~./-'9"'-1 ----
Solids: ------=;;,_ _____ _ 

Concentration Units (mg/1 or mg/kg dry weight): --'A.m16g"-~D:..-__ 

. ::CAsNO. ... .. . . 

c . ,·::.'.::'::':·'o. '>'}?·.: . .. .• .. : . 
ANALYI"B · .. ·.:. CONc:eNJ"RAnON. ··Me 

7429-90-5 Aluminum ..JlM'(),/~ 
.. 

p 

7440.38-2 Alscnic 0.002/ u H 

7440-41-7 Beryllium 0.001 // u ,r-
7440-43-9 Cadmium O.OQS / u p 

7440.'70-2 Calcium 60/, / p 

7440-47-3 Clromium 0.01/- u ~ p 

7440.5().8 Copper o.oas / u p 

743~ Iron :.?.~2 ~ r;f.-5:. p 

7439-92-1 Lead 0.001 / .~(. p 

7439-95-4 Magnesium 264/ p 

7439-96-5 Ma!lganesc a.\\ _k__~<>< t2 p 

744Gom~ N"ICkel 0.03 // ,. p 

7~7 Potassium 20.3/_ A 

'7'782~9-2 Selenium 0.003/, u H 

7~22-1 Silver 0.01 ./ u .r 
7440-23-5 Sodium 44/ 

/ 
p 

7440.62-2 Vanadium 0.01 /./ u p 

7~ Zlnc 0.008 ,/ u p 

Ammonium 0.36 
. I 

AP '-',/ 

Bicarbonate 1416 s T 

Carbonate o/ s T 

Chloride 21 ./" T -
F1uoride 0.20 ~ ISE 

Hydroxide o./ .;:r T 

Nitrate/Nitrite as N 0.50/ u ACR 

SulCate 84 ~ AM 

Total PhosphoNS 0.79 ./ MA 

pH 6.1/ E 

Spc.cific Conductance 1920/ ~ E 

Total DissoM:d Solids 1120 0 

Tuft)idily Not required N 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: --~C.:.4-h~.~o.e.~,~;n·;.~.N.;.:.o~rt.,.h~.~o.eu.rna.a..""'Inl.l.lc: .... __ Sample No. FB-03-RF'K 

Matrix (Soil/Water): _--:.;W~a....,te .... r ___ _ 
Level (Low/Med): ---~----

Lab Sample ID: --~1a.'21~w~~1~66"----
Datc Received: __ l;U.0"'/~:~.21ill.l/...:;9.~a.l ___ _ 

Soli~ ------------------------
Conccnuation Units (mg/1 or mgjlcg dry weight): _mw;g"'"n~....-__ 

CAS NO. .. ···ANALYI'B .•. .·•·.· CDNCBNTRA'nON · : c· __ --;;_,.·_:,::·a·:··. M .. . .. 

uo// . I 
. 

7429-~S Alumiftum ".... p 

7~38-2 Ancnic -G.002/ - u H 

7~1-7 Beryllium 0.001/./ u ,.-
7~~9 Cadmium O.OQS / u p 

7~~2 Calcium o..s/ u / p 

7440-47-3 Olromium 0.01//. u fl p 

7~S().8 Copper 0.010 / p 

7439-89-6 boll O.OlS/ / 
p 

7439-92-1 Lead 0.003/ p 

7439-95-4 Magnesium o..s/ u p 

• 7439-96-S Manganese / u p O.OQS .,... 

7440-02-4 Nickel 0.02// u p 

7440-09-7 POWiium 0.4/ u A 

7'782-49-2 Selenium 0.003// u H 

7~:Z:Z-4 SiM:r O.GJ / / r 
1~~5 Sodium 0.27 / / p 

7440-62-2 Vanadium 0.01 ~ u p 

744().66..6 Zinc 0.008 / u p 

Ammonium 0.10/ u AP 

Bicarbonate 0.6 // :r T 

Carbonate o/ -r T 

Olloride G.2/ T 

fluoride -~·0'1-~ u IS£ 

o/ / -Hydroxide ..J T 

Nitrate/Nitrite u N o..so / u A CR. 

SulCate 1 .,.,- u A.\f 

Total PllorplloNS ~,cr~ u MA 

• pH 5.3 .,/ E 

Specific Conductance to/ u;r E 

Total DissoM:d Solidi 10/ u 0 

Turtlidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

LabNmn~----~Cb~e~n-~N~o~n~h~e~m~·~'"~c~·---- Smnple No. TIY-34-REK 

Matrix (Soil/Water): -~W.:uawte..,_r ___ _ 
Level (LowfMed): ___ .....;;;.. ___ _ 

Lab Smnple ID: -~1~21~1~67:.-----
Datc Received: __ 16.l!Ou.l.=.21i!.,j/:..l:941 ____ _ 

Solids: ------=~------
Concentration Units (mg/1 or mg/kg dry weight): ....L!.m.u;g""'IJL..-__ 

. CASNo.·· ·.· ·:ANALTI'B . CX>Na!Nl'RA110N . 
. . c:: :/o ::.:·: .. : .M 

.. 
·: 

7429-90-5 Alumin11111 0.13 / p 

7~38-2 Ancnic 0.002/ t1 H 

'7440-41-7 BayfU11111 0.001 // t1 / 
7~3-9 Cadmium 0.005 / t1 p 

7~'70-2 Calcium 74 / , p 

'7440-47-3 Chromi11111 o.ot/ u PI p 

744()..5Q.I Copper 0.005 / t1 p 

7439-89-6 lroD 0.84 / _,. ' p . -
7439-92-1 Lead 0.006 / ; p .. -
7439-~ Magnesium 72/ p 

7439-96-5 Manganese t),"J.~~/ p 

744().02.0 N'ICkcl 0.02 / t1 p 

744().()9.. 7 PotaSSium 28.2/ .- A 

7782-49-2 Selenium 0.003./ - t1 H 

7~22-4 Silver 0.01 / u 7 
7~23-S Sodium 43/ p 

7440-62-2 Vanadium 0.01/ u p 

744().66.6 Zinc: 0.054/ . p 
" -

Ammonium 0.10/ - t1 AP 

Bicarbonate 448 ........ / :r T 

Carbonate 0/ ~ T 

Olio ride n/ T 

Fluoride 0.94 ~ ISE 

Hydroxide o/ ~ T 

Nitrate{Nitriie as N o.so / t1 ACR 

Sulfate 138 ~ AM 

0.24 ~ 
I 

Total Phosphorus •' - MA 

pH 7.5 E 

Specific Conductance m/ J E 

Total Dissolved Solids 632/ G 

Turtlidlcy Not required N 
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•• 

• 

• 

INORGANIC DATA ASSESSMENT SUMMARY 

PROJECT NO. 9 I 3 -II ot-. 2./ I SITE @ez$e#~ I sac..k 5,-'_/J 

LABORATORY c[..,.., - /(lc, v- f.-lwr SAMPLES/MATRIX -----

I Z./ I ? (. - I Z- I 'Z-~ 4 

SDG # ___ a...:..1_f_-....;q_4_Z.__;:,(_'-_)'----- ..:..I....;;Z....;/..:;Z;;.:'-;.::,C-_-_..:..I_Z.....;I...:Z.::..-;.;...;:;;.6 __ 

DATA ASSESSMENT SUMMARY t~~~ 

ICP AA -He- CYANIDE 

I. HOLDING TIMES 0 C) 0 I 

2. CALIBRATIONS 0 D () I d.~ t ;. 
{ ''""' q-v 3. BLANKS 0 Q 0 
I 

4. ICS C> \ 
I 

5. LCS Q 0 D I 
I 

6. DUPLICATE ANALYSIS 0 0 D 

7. ~ATRIX SPIKE 0 0 0 

B. f-!SA i' 
9. SEF.IAL DILUTION 0 

10. SAM~LE VERIFICATION '~ ~ c: 
11. OTHER QC ~ c_-, 0 

12. OVE~ALL ASSESSMENT c 0 0 

0 • Data had no problems/or qualified due to minor problems. 
M • Data qualified due to major problems. 
Z • Data unacceptable. 
X • Proble~s, but do not affect data. 

NOTES: 

l a,,,'l_lv l~r~ ... (J .j /;d !1c /Cc.c.'"~cf!.. /k,- .l.r!:h.l ~a£c~h~.J-<j a."-~$.. I ) I I 

Date : · _;;:;.'...:t:..J...s.=..-­

Da te: ---'~~--



., 
I SDG 1 __ C;_t_-(:........:tj_1_2____;(;,_"2...__,)'---Proj ect No. J /3- f ( D I . 2 /1 

Acceptable 
YES NO 

v l. Holding Times ·------------------·-----------·--
~~ r I, I I 7-:rn -:1~-z€ a ({ri/)/'t Ia/, 

IJ . 
... 

2. Calibrations ----------------------------------­ ---
C) C.. rzcsu lis (c.s5 / 

~~~~~~~~~~~~~~~~)~ 
3. Blanks ---------------------·-·-------·--------- ~ 
l~v1 0 Ct:--; /-4~~,n·~/l.,{f J"bn«/ /;~, 6/a~" ft 

~ 4. ICP Ir.terference Check Sample (ICS} ------------ __ _ 

-z;-cs h'/yt;,-,_, Oc (,;~,·/c £-cc~ .AI~./?...~ 
., ~CI C/ 1 ,~...:-

/)C· - IC?.7 

6. Duplicate Sample Analysis ---------------------- ~ 

fl-u Q / r c -,...:C.c_.? tv ; K I~· 'I ~ ...§yv. /.,.r-J (; c, ( h 
• 

7. Matrix Spike Sample Analysis ------------------- ~ 

<-: 1j / lt.c /?t cc-vt.r'f ~ ,, r2. w; It '""' Q c. t t~; 1-r 
--(.' . ( I 1'J /J ~ A~ ,g;s: ~. 4?8 
-f c--r c.~-? O"t T<-. . fH..cc~~ Lt'' /2 4U... .... 

• 

• 



• 

• 

• 

• 

SDG li __ Cf_t_-_q_Cf_2_(_,_7 __ Project No. q I "!;J- I /0 (. Z./ r 

9. ICP Serial Dilution ---------------------------- ~ 
Y&<-<~P' ~"' 1/ .s--st%--t' / .it~ o :. ~ n 7. 7 / 

~ c~-~4U /lc~<--

10. Sa~~le Result Verification •••·•••••••••••••·••• ~ --------

J?i~:.,_,,{~-:- Ct:,-;((.'/7 a-...._.cf ,...,._.,-:<, icf .:-; s 

11. Field Duplicates ------------------------------- __ ____ 
viA 

12. Overall Assessment ----------------------------- [./'" /.· 

./~.1.-:p.~ ~.1-:'r l..:c s ,ll_(r.,c-{ .:f( b. ru,-.... ~~- /:,tv<-
~ 
aza:~ ~~ eve~ /?4/f ~dr 
/.2'~ s= r?i:;£ z:a 1 

.5'/('" GeOL s , 



I 

l 
i 
I 
I 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern, Inc, 
Matrix (Soil/Water): __ 1;~W,s.ati.Ee.£.r ___ _ 
Level (LowfMed): __ ..::..---­
Solids: 

Sample No. _..121Lf11..,.196'-lll-. ___ _ 
Lab Sample ID: TW-30-ccy 

Date Received: -Al101l.ii:.=P=.-1""9u,l ____ _ 

Couccotratiou Units (mg/1 or mg/kg dry weight): mgD 

.. . .. .. 
. .ANALYTB 

··-· .:·-- c C\SNO. .. •• • CONa!NTRATION :· · ._:··::. -.··o-·-:-- ·M 

7429-90-5 Total AJIIIDiaum . ;S ~~./ .. p .. 
7440-33-2 Tolal Arsenic 0.001 - H 

I 

7440-41·7 Total Be1yllium 0.001 ../ t1 p 

7440-43-9 Total Cadmium 0.005 ........... t1 p 

7440-70-2 Total Calcium 231 
_.,..,. 

p 

7440-47-3 Total Chromium 0.01 
~..."'. 

t1 p 

7440-SG-8 Tolal Capper O,OQS ~- t1 p 

7439-8~ Total Iron 1.90 i..---- p 

7439·92·1 Total Lead 0.001 -- u p 

7439-95-4 Total Magnesium 156 
~ p 

7439·9&-S Total Manganese 0.18 ,...- p 

7440-02.0 Total Nickel O.Dl !..' t1 p 

7.&.W-09-7 Total Potassium 46,0 i,./ p 

7'782-49-2 Total SeiCDium 0.015 --- H 

744().:2-4 Total Silver 0.01 -· u p 

7440-23-S Total Sodium 195 .._,.., p 

74-&0-62·2 Total Vanadium 0,01 :/""' ''· p 

7~ Total Zinc 0.032 .__- - p 

Ammonium OS! ~ 
I . AP -

Bicarbo,Jate 472 / T 

Cartlanate 0 T 

Chloride 313 t...-- T 

Fluoride 10 t..-- ISE 

Hydroxide 0 T 

:'\itnte{Sitrite u N 12.2 / ACR 

Sulfate 360 r_ ... AM 

Total PhosphoNS -""''·-...).2' l./3 ;....- NA 

pH 6,4 ~ E 

Sperilic ConduCtance 2430 E 

Total Dis.sol~d Solids 1530 - 0 

Turbidity N01 required N 

15 

• 

• 



INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Cbep-Nonbem. I ·s; . 

Matrix (SoilfWater): Water 
Level (Low/Med): _..;;;._ ____ _ 

Sample No. _...,.12:.~1..AI96~----
Lab Sample JD: IW-30-CCV 

Date Received: 10/22/91 
Solids: 

Cooccouati ;D Uuits (mg/1 or mgfkg dry weight): mgD 

CAS NO. ··•ANJ LYlE 
:•. ,,,.:: mNCPNI'RAnoi;(,:,:>L •:,e:::: \\·:,'''(f'i:::•::·. 'M 

.. 
.. ··.·· 

7429-~ Dissolvec: Aluminum 0.17 -- ... p ...... 
7440-38-2 Dissolvr:l Arsenic OJI03 -· H 

7440-41-7 Dlssolw•. 8CJyllium CUlOl -· t1 p 

7440-43-9 Dissolw:; Cadmium OJIQS .._,.,..-· p 

7440-'70-2 Disso~ J Calcium 171 ,--· p 

7440-47-3 Dlssolwc Cuomium 0.01 -- t1 p 

744().5().8 Dissolv:d Copper O.OQS -- u p 

7439-89-6 Disso: :ed Iron 0.042 - ll p 

7439-92·1 Dissot·.-ed Lead. 0.001 -· u p 

7439-95-4 Dissolvecl Magnesium u.s - p 

7439-96-S DissolveC ~anpncse o.cm - £4. p 

• 744Q.m.O Disso~·:d N'ackcl 0.02 -:- u p 

744().09.7 Disso!w:; Potaslium 46.5 - p 

7782-49-2 DissolwJ Selenium 0.016 ...-· H 

7440-22-4 Disso~ ·cd Silver 0.01 -- u p 

7440-23-S Disso~·::S Sodium 153 ·- p 

7440-62-2 Dissolwc Vanadium 0.01 --- u p 

744()..66.6 Disso;·.~ Zinc 0.053 ... 1A p 

Amr::onium Not applic:able M 

Sica ="'nate Not lll'Plic:able T 

Car::-onate Not applicable T 

Ch:onde Not applicable T 

Fluoride Not applicable ISE 

Hydroxide Not applicable T 

Nitrate/~itnte u N Not applicable A CR. 

Sulfate Not applic:able AM 

Total P!losphoNI Not applicable NA 

pH Not applicable E 

• Specific Conductance Not applicable E 

Total Dis.solwd Solids Not applic:able 0 

Tu:"Jidity Not requin:d N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Qen-Nortbern. Ine. 
Matrix (Soil/Water): __ w.:..:..~~~.at~.~~e.._r ___ _ 
Level (Low/Med): _....;;;;.. ____ _ 
Solids: _ __;;;:;.._ _______ _ 

Sample No. _...,12~1.,.197"""------­
Lab Sample ID: EB-01-Ccy. 

Date Received: 10/22/91 • 
Couccutratiou Units (mg/1 or mgfkg dry weight): mgn 

.... . •.·. 
. ::,:..c:·,·. CAS NO. · ... · .. -. ·ANAI.Yre : CONC!NTRAnON c .. 0 . .-: .. : ~ .. : ··M· 

7429-90-S Aluminum 0.02 ~ l1 p 

7~2 Arsellic D.002 """' l1 H 

7440-41-7 Beryllium D.OC)l 
_,.., 

l1 p 

7440-43-9 Cadmium 0.005 ~ l1 p 

7440-'70-2 Calcium o.s -~ l1 p 

7440-47-3 C11omium 0.01 .......-- l1 p 

7440-50-8 Copper 0.005 ,..,.... l1 p 

743~ lroll 0.025 
.:..--

l1 p 

7439-92-1 Lead 0.001 ,./ tJ p 

7439-95-4 Magnesium o.s t,.....- l1 p 

7439-96-S Manganese o.oos· v" l1 p 

7440-02~ N'u:kel 0.02 v' l1 p 

744G-09-7 Potassium 0.4 l~ l1 p • 7782~9-2 Selenium 0.003 a./' l1 H 

7440-22~ Silver 0.01 v l1 p 

7440-23-S Sodium D.04 < l1 p 

7~-2 Vanadium 0.01 v/ l1 p 

744()..66.6 Zine O.OD9 ~ l1 p 

Ammonium 0.10 ~ l1 AP 

Bicarbonate D.6 / l1 T 

Camonate 0 T 

Cllloride 0.10 
_,..... 

l1 T 

Fluoride ..¢.o~ 
..,..,.... 

l1 ISE 

Hydroxide 0 T 

Nilnue{Nitrite as N 0~ / l1 A CR. 

Sulrate 1 L-"""' l1 AM 

Toa.al Phosphorus g.w'. 0 ~ ,.,... )( NA 

pH 4.5 v- E 

~fov 
Spccifie Conduetanee 15 v E 

Total Dissolved Solids 10 ~ l1 G 

Turbidity Not required N 0~·: 
z. (?(q-z.., 
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INORGANIC ANALYSIS DATA SHEET. 

Lab Name: Cbep-Northern, Ine, 
Matrix (Soil/Water): _...;:W~a~~..t.te..,r ___ _ 
Level (Low/Med): _...;;;. ____ _ 
Solids: _ ___;:;.... _______ _ 

Sample No. --=12~1~19~8~~---­
Lab Sample ID: TIY-26-BfK 

Date Received: 10/22/91 

Conecntration Units (mg/1 or mg/]cg dry weight): mga 

.. ·::::·:' .. .. 
CDN~TION :' '·'\':(:·:,; ··•:::' ... t·:=:·':t:.:. :)l" CAS NO. AHAL'YTB . : . . . ... . .. • ... · .. o. . 

74:z9.90-S Aluminum , /C) ~~Yf'v ~.I p 

'7440-S:l Ancasic QJI02 ,..- u H 

7440-41-7 Bczylllum 0.001 '-"""" u p .. 
v-' 7440-43-9 Cadmium 0,005 u p 

7440-10-2 Calcium l20 """"" p 
I 

7440-47-3 Ouomium 0.01 - u p 

7440-.50-8 Copper O,OQS ~ u p 

7439-89-6 Iron Q.%l· ~ Ll_ p 

7439-92-1 Lad 0,001 .........- Ll p 

7439-95-4 Magnesium 124 t..- p 

74~5 MlllpDCSC 0.'72 --- p 

744Q.Ol~ N"ackel 0.02 ~ t1 p 

'744().09-7 Potallium lS.S 
,__.........- p 

7782-49-2 Selenium 0.007 ~ H 

'7440-22-4 Silver 0.01 ~ u p 

7440-23-S Sodium 108 ~ p 

7440-Q-2 Vanadium 0.01 ~ L{ p 

744()..66.6 Zinc 0.032 c.-- LA p 

Ammonium J.Ki.f./ AP 

Bicarbonalc 560 ~ T 

Carbonale 0 T 

Olloridc 104 ..,.,- T 

Fluoride .JK /.Cj.. V ISE 

Hydroxide 0 · .. T 

~lralc/Nilrilc as N 7.95 V" ACR 

Sui! ale 360 ~ AM 

Toaal Phosphonas ~.&71/" u NA 

pH 6.7 ~ E 

Spcc:ifie Conduaallce 1730 ..,/" E 

Total DissoMd Solids 1180 / G 

Turbidicy No1 rcquiRd N 

18 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: Cben-N9nhern. Inc. 
Matrix (Soil/Water): _,..w~aw.t.-.ter.__ __ _ 

Level (LowfMcd): ---------Solids: _ __;;;;.._ _______ _ 

Sample No. _ .... 1211.1!1,.199""------­
Lab Sample ID: TW-13-RfK 

Date Received: 10/22/91 

Concentration Units (mg/1 or mg/kg dry weight): msn 

.... CASNO. . ..... :: :· .. ANALYI'B · ..... ·: .. : .... · c 

Aluminum D.17 ....--- . ! p 

H 

7440-41-7 Beryllium 0.001 p 

Cadmium p 

7440-10-2 Calcium 110 L-· p 

7440-47-3 Ouamlum 0.01 t1 p 

Copper O.OQS t1 p 

743~9-6 11'011 0.0"10 p 

7439-92-1 Lead O.oot t1 p 

7439-95-4 Magnesium 46.4 p 

7439-96-S Manganese o.ooa p 

Nickel v--' t1 p 

744().09..7 Potassium s.s p 

7782-49-2 Selenium 0.003 t1 H 

7440-22-4 Slhrc:r 0.01 t1 p 

Sodium 1.6 p 

Vanadium 0.01 V"" t1 p 

1440-66-6 0.008 t1 p 

Ammonium 0.31 

Bicarbonate 498 T 

Carbonate 0 T 

Olio ride 13 T 

fluoride 

Hydroxide 
() 0 T 

l"itrate/Nirrite as N 1.84 --- A CR. 

Sulfate AM 

Total Phosphorus ~,IIV u NA 

pH 7.0 ~ E 

Specific Conductance 774 ~ E 

Total Dissohrc:d Solids G 

Turbidity Nor required N 

19 
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INORGA."'l~C ANALYSIS DATA SHEET 

Lab Name: Chen-Nonbern. Inc. 
Matrix (SoilfWater): __ w~a~te .... r ___ _ 

Level (Low/Med): --=-----
Soli~: ---=----------------

Sample No. ~.~r.1".=..-1!o.:i2.w:OO~----­
Lab Sample ID: TW-'26-BfK-DUf 

Date Received: t0/Z2/91 

Concentration Units (mg/1 or mg/Jcg dry weight): mgD 

... ,,.,. ,:.·.··ANAI:."YTB. ·.·,:):''':':? 1:::: : 
.. .·.· 

,:,:::o ·'·'SJ' CX)NCP.NI'RAnON · ' :c' :.· :. M. ·CAS NO. :·: .. :. 

7429-~S Aluminum o.u ~ ' p .·• 

7~38-2 Arsc4ic O.D02 ,_..- H 

7~1-7 Bctylllum 0.001 
,.,., 

t1 p 

7440-4~9 Cadmium o.oo:s ..,.,.., 
t1 p 

7~~2 Calcilam 123 
.__. p 

7~7-3 Cuomlum 0.01 ~ t1 p 

7~.$().8 Copper o.oas ....,...., t1 p 

7439-89-6 Iron G.%7 ~ L.A p 

7439-92-1 Lead G.002 ~ vt p 

7439-95-4 Mapcsium 126 :...-- p 

7439-96-S Manpnesc 0.74 ~ X p 

744()..()2.() N'ICkel G.02 ,_,..., t1 p 

7440.()9. 7 PotaSSium 25.0 r.,.../" p 

7782-49-2 Selenium 0.007 ............ H 

7~22-4 SiJwr 0.01 ....,- t1 p 

7~~5 Sodium lU 
...__. 

p 

7440-6%-2 Vanadium 0.01 
.,..,., t1 p 

744().66.6 Zinc G.028 LA p 

Ammonium ~1.1 7 AP 

Bicarbonate SS4 
_...... 

T 

Cazbonate 0 T 

Chloride 101 
-..7 

T 

Fluoride l.l:t .......... ISE 

Hydroxide 0 T 

Nitr.ate/Nitrite u N 7.90 ,........- A ell 

SulCate 360 ~ AM 

Total PllosphoNS g.lV, 7 c V"""" t1 NA 

pH 6.7 ~ E 

Spccilic Conductance 1820 #/"' E 

Total Disso!Yed Solids 1180 ~ 0 

Turbidity Not required N 

20 
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INORG~'flC ~~ALYSIS DATA SHEET 

Lab Name: Chen-N9rthern. Inc. 
Matrix (Soil/Water): __ w~a.~.~~te"'r ___ _ 

Level (Low/Med): -~-----Solids: _ __;;;.._ _______ _ 

Sample No. -"""l"'-21!1.ti20~1------­
Lab Sample ID: TIY-15-REK 

Date Received: 10/22/91 

Concentration Units (mg/1 or mg;kg dry weight): mg/] 

CAS NO. ·.··::'':'·:. ·ANAI.Yl'!! . . ' · .:: .. •: OONc:::ENI'M.nON c .. •· .. 0 M 

74l9-9M Aluminum ~.d, __ p 

7440.38-1 Arsenic D.002 c..-- tJ H 

744G-4t-7 Betytlium 0.001 v tJ p 

7440-43-9 Cadmium 0.005 ~ tJ F 

7440-70-1 Calcium 117 ,__..- p 

744G-47-3 Cuomium 0.01 
.._,.., 

tJ p 

7440-~ Copper o.oos ....,.., u p 

7439-89-6 Iron O.QS1 ~- /} p 

7439-92-1 Lead 0.001 ............ tJ p 

7439-9$.4 Mapaium 47.2 :..- p 

7439-~5 Manganese 0.005 ~ tJ p 

7440.42~ Nickel 0.02 ~ tJ p 

7440.09-7 Pocassium 3.1 ~ p 

7781""'9-1 Selenium o.oo3 ~ tJ H 

7440-12-4 Silvv 0.01 V"""' tJ F 

7440.23-5 Sodium 7.0 
_.,..,. 

p 

7440-Q-1 Vanadium 0.01 ,_,... t1 p 

7~ ZlJIC o.ooa v t1 p 

Ammonium 0.15 V""' AP 

Bicarbonate $09 ;.,/ T 

Carbonate 0 T 

Olio ride 15 
_,...., 

T 

Fluoride 0.24 v" ISE 

H~ro:dde 0 T 
•· 

-1.5,1".1 ~/"' Nitrate/Nitrite as N A CR. 

SulCate 34 ~ AM 

Total Phosphot\11 _9..W' 1 I C ..,..-' tA NA 

pH 7.0 v- E 

Specific Conductance 786 / B 

Total Dissolved Solids 45'7 ~ 0 

Turbidity Not required N 

21 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. fpc;, 
Matrix (Soil/Water): __ w..._..a...:.re""r ___ _ 

Level (LowfMed): --------­
Solids: 

Sample No. _,..12~~~o~~1 .. 20w.i2:c.... ____ _ 

Lab Sample ID: __.H~M~p~e .... r -----
Date Received: 10/22/91 

Concentration Units (mg/1 or mgfkg dry weight): mg/1 

CASNO. , .. : ··''. -.':'/::: ANAl.YTB· .. ,:._, :::,>,. ·:·:::-:· CONCBNrRAnoN · .····,. ··c· 
. : : ~ .. · . :···::::a ··:-·:·· ... M· 

7429-90-S Alummvas 0.12 ~ .. p 

7440-3&-2 AlseJUc 0.002 ...,/" H 

7440-41-7 BcryiUum 0.001 v u p 

7440-4>9 Cadmivas o.oos ~ u p 

7440-70-2 Calcium 120 "-"' p 

7440-47-3 Olroasivm om ~ u p 

7440-$0.8 Coppu o.oas ..,/ u p 

743N9.6 Iroa 5.92 ,..,- p 

7439-92-t Lead 0.001 ........... u p 

7439-9$.4 Magnesium 130 ~ p 

7439-~ Maftgane.sc CJ.28 ~ p 

7~ N"ldtcl CI.Ol ._........ u p 

7440-09-7 Potassium 15.0 ~ p 

1782-49-2 Sclalivm O.D03 ~ u H 

7440-224 Sihw O.D1 c.,....-- u p 

7440-23-$ Sodium 33A / p 

7440-62-2 Vaudium O.D1 ~ u p 

744().66.6 Zinc D.OQII~ 
_..- u p 

AIIIIIIOftiuas Q.S4 
_,., £,( AP 

Bicarbonate 1002 '-"""'"'" T 

Carbonate 0 T 

CIJoride 23 v--' T 

Fluoride 0.42 v ISE 

Hydroxide ... 0 T 

Nitnte/Nitrite u N 0.50 ~ u A CR. 

Sulrate 60 
,..,..r-

AM 

Tocal Phosphonas p;J!I';z.-1....---- u NA 

pH 5.9 ._.,/' E 

Specific Conductance 1460 v E 

Total Oissol"" Solids Ill ~ 0 

Turt)idity Not required N 

22 
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INORGAl''iiC ANALYSIS DATA SHEET ~~~z-
Lab Name: Cbep-Northern. Ins;, 
Matrix (Soil/Water): -...:W~a~~.~.r~~~.~er ___ _ 

Level (LowfMcd): ------­
Solids: 

SampleNo. ~ 
Lab Sample m: :::a.fiB;::;;=-16=~1<=;,-:jj=?wr:i:'i-~~M-~ri. 

Date Received: 10/22/91 • 

Cooccotratioo Uoits (mg/1 or mg/kg dry weight): m~a 

.. .· .. .. '· .·. . ... ' CAS NO. ·. ·• . .ANALYIB . ... · ·•· OONCf!NI'RA"llON > • c .·,•;o·· .·· .. c}.l 

7429-90-S Total Aluminum i ~ 
·' ~;tj 

.., .·. p 

7440-38-2 Total Arsenic 0.007 '-""""" H 

7440-41-7 Total Beryllium 0.001 a/ u p 

7440-43-9 Total Cadmium 0.070 ~ p 

7440-70-2 Total Calcium 59.5 .,....-- p 

7440-47-3 Total Chromium 0.04 ._/ p 

7440-50-8 Total Copper 0.011 ~ LA p 

7439-IU Total Iron 5"f7~~v p 

7439-92-1 Total Lead 0.028 v p 

7439-95-4 Total Magnesium 190 ~ p 

7439-96-S Total Manganese 0.16 ......-- p 

744().02.0 Total Nickel 0.06 ~ P. 

7440-09-7 Total Potaslium 15.4 V" p 

7782-49-2 Total Selenium Q.003 v-- u H • 7440-22-4 Total SiMr o.ot 
.,...- u p 

7440-23-S Total Sodium 33.3 ;;.../ p 

7440-62-l Total Vanadium 0.01 
,_., lA p 

744().66.6 Total Zinc Q.44 ~· p 

Ammonium 0.47 / II( AP 

Bicarbonate 1108 ~ T 

Carbonate 0 T 

Chloride l3 .._...... T 

Fluoride 0.46 _,.,.., ISE 

Hydroxide 0 T 

Nitrate/Nitrite u N o.so L-""" ACR 

Sulfate 54 ,_......, AM 

Total Phosphonu ~i. 4e(. v"' NA 

pH 6.6 ~ E 

Spedfic: Conduc:canc:c 1660 v E 

Total Dissolved Solids 843 ~ Ci 

Turbidity Not requiRd N • 
23 
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Lab Name: CbGD·l'!Pahcm. IPe. ll'IORGAl~IC ANALYSIS DATA SHEETSamplc No. Ul2fll # .r(!tlf f., 
Matrix (Soil/Water): Water Lab Sample m: EB~ 7¥- ~J(-,t,r'~--t: 
Level (Low /Med): Date Received: --""llO""'I .. 22 .... t.9..,1 ___ _ 
Solids: 

Coaccnuation Uaits (mg/l or mgfkg dry weight): mgD 

··.·CASNO. .. · .. :'':'''':./:,. ANAL Y1'B :_:: ,:>. :;/::; ")··. OONCE!NTRA'l10N · . : ,=·c·· .. :-. o· M 

74%9-9M Dissolved Aluminum D.l.S - .. p 

7440.38-l Dissolved AJsenic 0.004 - H 

7440-41-7 Disaolved Bc,Uium 0.001 - u p 

7440-43-9 Disaolved Cadmium o.oos -· u p 

7440.~1 Dissolved Calcium .53.4 - p 

7440-47-3 Dissolved Otromium 0.01 - u p 

7440-,50.1 Dissolwd Copper o.oos - u p 

7439-19-6 Dissolwd Iron 1.21 -· p 

7439-91-1 Dissolved Lead 0.001 ,.- u p 

7439-H-4 Dissolwd Magnesium 184 - p 

7439-96-5 Dissolved Manganese 0.17 - p 

'7440-01.0 Dislolwd N"tekcl 0.03 -- p 

7~7 DisloiYed Potassium 14.5 - p 

7712~9-l Dissolved Selenium 0.003 - u H 

7440-ll-4 Dissolved SiM:r 0.01 
__.. u p 

7440.23-5 Dissolved Sodium 32.8 _.- p 

7440-62-l Dissolwd Vanadium G.01 --- u p 

7~ Dissolwd Zlnc 0.073 - u p 

Ammonium Not required AP 

Bicarbonate Not required T 

Cad>onate Not required T 

Chloride Not required T 

fluoride Not required lSI! 

Hydzoxide -!! Not required T 

I) 
I 

Nitr.ue/Nitrite u N Not required ACR 

SulCate Not required AM 

I! 

\ 
Total Phosphorua Not required NA 

pH Not required E 

Specific Conductance Not required E 

Total Dissolwd Solids Not required 0 

Turtlidiry Not required N 

~ 

' 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Jpc. 
Matrix (Soilf\Varer): __ w~au.re:L.r ___ _ 
Level (Low/Med): _ _;;,. ____ _ 
Solids: _ _....;;,;;_ _______ _ 

Sample No. _..,12~1~204~~~---­
Lab Sample ID: ~FB-=-04-~R~FK~---

Date Received: _..,10~~~o~I-..::221&.W/9""1.__ __ _ 

Coaceatratioa Uaits (mg/1 or mg,lkg dry weight): _ _,.m&&o~gw.n...__ 

CAS NO. ·/·.: ANALYI'B ·'··'·:·:: ..... ,_. ···:··mNCENI'AAnol'i ':·:-::: ::'c:· >:.::.:<.::. ::·a·.,,,,:-,_.:: M 

~ ' ' 7429-90-5 AJumift11m 0.06 ". p '· ·\• 

7440-38-2 Alscllic G.002 ...,/' t1 H 

7440-41-7 Beryllium •'1l.oot ~ t1 p 

'744().4).9 Cadmium o.oos _...,., 
t1 p 

7440-'70-2 Calcium 0.7 .......-; p 

7440-47·3 Chromium 0.01 
/ 

t1 p 

7440-51).8 Copper 0.005 v t1 p 

7439-IU II'OJI G.02S , t1 p 

7439-92·1 Lead 0.004 ..,/' p 

7439-9$-4 MagncsiiUD o.s ~ t1 p 

7439-96-S Manpncsc 0.005 / t1 p 

744().(72.0 N"ICkcl O.Q2 / t1 p 

7440.o9-7 Potaslium G.4 
~, 

u p 

7782-49-2 Selenium 0.003 ~ t1 H 

7440-22-4 Sllwr O.D3 -- p 

7440-23-S Sodium G.21 
_,.......... 

p 

744().62-2 Vanadium 0.01 v t1 p 

7~ Zinc o.ou v p 

Ammonium 0.15 / AP 

Bicarbonate: 3.6~ ...,/ T 

Carbonate: 0 T 

Chloride: 0.34 _./ 
T 

Fluoride: ~,(I]......,...... t1 1SE 

Hydroxide: 0 T 

Nitn&c:,INitritc: as N o.so ~ t1 ACR 

Sulfate: 1 
_..,-

AM 

Total Phosphonas .Jl.W",c r ~ t1 NA 

pH 5.9 /" E 

Spc:cifie Conduetanre 24 v E 

Total Dissolved Solids u v/ 0 

Turbidity Not rc:qulred N 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Cben-N9rtbern. Inc. Sample No. _,..12~:a~l.a:266illlll.o ____ _ 
Matrix (Soil/Water): __ w~a.t.llter.~.,r ___ _ Lab Sample m: TW-39-RfK 
Level (Low/Med): _..;.;... ____ _ Date Received: 10Q3/91 
Solids: 

Concentratioa Units (mg/1 or mg/kg dry weight): mgfl 

.. , .::·' ,:,:·:,':o ·.ANAL 'YI'B .. ;:'""·:·:_;_;;_'.::: . CoNC:EI'mtA110N. · 
. :;: .· . 

' .· .. ·CAS NO. ··.'C: ···'_o:·o,·.::.: :-: .. ,. . 

74%9-90-S Aluminum 0.17 ~ ,. . p 

7.44().38-2 Alse1lic DAl02 ..,/ u H 

7440-41·7 Beryllium D.001 v u p 

7440-4~9 Cadmium D.020 
,.,.., p 

7~'7G-2 Calcium 149 r c.__...... p 

7440-47-3 Chromium 0.01 -- u p 

744().50.8 Copper 0.005 a../' u p 

7439-&CM lnm D.033 :,......---· fA. p 

'7439-92·1 Lead 0.001 v u p 

7439-95-4 Magnesium 130 ,__... p 

• 7439-96-S Manganese 0.005 u p 

'7440-02..0 Nickel 0.02 
,_,...., 

p 

744().(19. 7 Potassium 28.4 ~ p 

7782-49·2 Selenium O.oo7 V"' H 

7.44().~ Silver 0.01 /' u p 

7~23-S Sodium 114 ~ p 

7440-62-2 Vanadium 0.01 
_, u F 

7~ Zlnc G.ll ~- p 

Ammonium 0.10 v"" u AP 

Bicarbcmate 498 v T 

Carbonate 0 T 

Chloride 183 v T 

Fluoride 6.34' v ISE 

Hydroxide T 

Nitrate/Nitrite as N 5.90 /' A CR. 

Sulfate 420 ......- AM 

Total Phosphorus p ~-....,- u NA 

• pH 6J .../"" E 

Specific: Conductance 2060 v E 

Total Dissolwd Solids 1330 V""" G 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Nprthern, Inc. Sample No. _ .... t2""'lr.:26~7.r...-____ _ 
Matrix (Soil/Water): __ w.:.:..lila.~.~~te..._r ___ _ Lab Sample ID: TW-12-RfK 
Level (Low/Med): -------- Date Received: 10/23/91 

Soli~: --~----------
Concentration Units (mg/1 or mg/kg dry weight): mg!J 

.... ANALYm .. CONc::ENBAnON 
.. 

:::·e . :: .. 
CAS NO. ···:·.· 0 M 

7429-~S Aluminum o.uft y"" . p -
7440-38-2 Arsc!lic Q.002 

,., 
H 

7440-41-7 Betyllium 8.001 v t1 p 

7440-43-9 Cadmium o.oas .v"' t1 p 

7440-~2 Calcium 224 . .--- p 

7440-47-3 Ouomium ..o:o(col ........... t1 p 

7440-S0-8 Copper o.oos v t1 p 

7439-8~ Iron CI.024 ,.,_ ... p 

7439-92-1 Lead 0.001 v t1 p 

7439-95-4 Magnesium 83.3 ~- p 

7439-96-S Manganese 0.10 v p 

7440-02-4 Nickel o.az ......,.. t1 p 

~ -· 7441).()9.7 Pousssium 47.5 p 

7782-49-2 Selenium 0.003 v t1 H 

7440-22-4 SiJv'Cr 0.01 
,. 

t1 F 

7440-23-S Sodium S90 ~ p 

7440-Q-2 Vanadium 0.96 ......- p 

7440-66-6 Zinc 0.036 ~ u p 

Ammonium 100 ,./ AP 

BicarlMmate SlS v'" T 

Carbonate 0 / T 

Olloride S16 .._,/ T 

Fluoride Cl.29 v ISE 

Hydroxide 0 / T 

Nitrate/Nitrile as N 8..60 '/ ACR 

Sulfate usa ...,. 
AM 

Total Phosphonas JR" 2, It)"-"""" NA 

pH 6,8 ~ E 

Specific Conductanc:e 4620 (../ E 
......... I-Total Dissolved Solids 2740 0 

Turbidity Not required N 

27 



I 
: . l. 
l 
~ 

) 

) , 
j 

I 
I ,. 
I 
I 
I 
1 
I 
I 
I 
~· ~ 

I 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Qep-Northern. Inc. 
Matrix (Soil/Water): __ w~at.,.e.~.,r ___ _ 

Level (LowfMed): ---------Solids: _........;;;...,_ _______ _ 

Sample No. -~12:;,c1~268~~~---­
Lab Sample ID: TIV-35-BEK 

Date Received: 10/23/91 

Concentration Units (mgfl or mgfkg dry weight): mgn 

CAS NO. ANAL 'Y'IE . . .. a>NCPNrKAnoN '::- <e· .:·o' .".::-:··.··· }d :. ·::··.•.· .. 

7429-~5 AJumunam 0.12 / . ,. 
p 

7~38-2 Ancnic 0.002 v t1 H 

7440-41-7 Bcrytlium ,·; 0.001 / t1 p 

7440-43-9 Cadmium o.oos t/ t1 p 

7440-~2 Calcium 59.6 ,_.- p 

7440-47-3 Chromium 0.01 
I £. . t1 p 

7440-5().8 Copper o.oos v t1 p 

743~ boll 3.IS 
,_,......,. p 

7439-92-1 Lead 0.001 ,_,./' t1 p 

7439-95-4 Magnesium 215 ·v- p 

7439-~5 Manganese 0.12 v"' p 

744G-02~ Nidtd 0.02 
,....., p 

744()..®..7 Potassium 15.6 ~ p 

7782-49-2 Setealum D.oo3 v t1 H 

7440-22-4 Silver 0.01 ._..,/ t1 p 

7440-23-S Sodium 31.4 .v- p 

7440-62-2 V uadium 0.02 ~ V! p 

744().66..6 Zinc 0.009 v--- lA. p 

Ammonium 0.18 
,_,., lA_ AP 

Bicarbonate 14SG'.1 ........... T 

Carbonate 0 ,L_ T 

Cllaride 39 V"" T 

Fluoride CU4 ...,/' ISE 

Hydroxide 0 ../ T 

Nitrate/Niuile as N OJO ./ t1 ACR 

Sulfate 96 ~ AM 

Total Phosphorvs ~,-,; V""' u NA 

pH 6.3 / E 

Specific Conduetane~: 21'70 v E 

Total Dissolved Solids 1240 -- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Jne. 
Matrix (Soil/Water): _ .... w,..a~:~o~otaaer ___ _ 

Sample No. _.,1211otl>*l26¥19'---____ _ 
Lab Sample m: TW-45-RFK 

Level (LowfMed): --------- Date Reeeived: 10/23/91 
Solids: __ ;;;.. _______ _ 

Concentration Units (mg/1 or mgfkg dry weight): mgD 

.... ;····· 
····:~-(:): : :::,:(X)NCI!NI'RAnoN ····-c··, 

:·.· ... .. .. · CASNO •. .•.':'.-.ANALYIB .. . ... ··,::.: •. ::o • . ..:. ·.··:·::·· ···M · .. ······:· 

7429-90-S AJumiDum o.u ~ 
~. i p .. , . 

7~38-2 .AJsmic 0.002 / u H .. v 7~1-7 BcJ,Wum 0.001 u p 

7440-4).9 Cadmium G.030 v p 

7~10-2 Calcium 120 ---- p 

7440-47-3 Olromium 0.01 ~ u p 

7~ Capper 0.005 v u p 
·'-~ 

74~ boa -; .. 4'~ ;.-- p 

7439-9%-1 Lead 0.001 ~ u p 

7439-95-4 Magnesium 153 ~ p 

7439-96-S Manpaesc G.64 
,_.....-

p 

744().(Jl.O Nickel G.03 .......... F 

7440-09-7 Potaaium 28.0 ~ p 

7i8249-2 Selenium 0.003 /' u H 

7440-224 Silw:r 0.01 / u p 

7~23-S Sodium 55.4 ~ p 

744().62.2 Vanadium 0.01 V""' u p 

7~ Zinc 0.13 ~ p 

Ammonium 0,90 v u AP 

Bicarbonate ltrJf1'~7 ~/""' T 

Carbonate 0 ../ T 

Oltoridc 65 v T 

fluoride 1.21 / ISE 

Hydroxide 0 / T 

Nitrate/Nitrite as N o.so V"' u ACR 

Sulfate "" . ~/"" AM 

Total Pllosphonas ~*V""" 11 NA 

pH .s.a .../" 
E 

spcaru: ConduNncc 1930 .........- E 

Total Dissolved Solids 1130 ~ G 

Turbidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chep-Northern. Inc. 
Matrix (Soil/Water): __ w.::.Mall.ltef.!.r ___ _ 

Sample No. -~12f:.!1..=.2i.QO'--____ _ 
Lab Sample ID: IW-10-RfK 

Level (Low/Med): _..;;.. ____ _ Date Received: 10/?.1(91 

Solids: _ ___.:=---------
Concentration Units (mgfl or mg/lcg dry weight): _...,~m.w,glio,jD~-

.. 
··:CAS NO. ··:;··:· .· '. :,.:,:,:.,' .. :.'"''''ANALY:n! '·.::.· :. · .• :, . CONCPJoll"RA1lON <''i': '•':c· .· =:==·:::::.::·0 ·::\ M 

; 

.::.:: 

7429-~ Alumillum 0.13 ~,.../" u p 

7~38-2 Aftcftic 0.00% ,..,-- H 

7~1-7 Beryllium 0.001 / u F 

'7440-43-9 Cadmium o.oos v"" u p 

7~~2 Calcium 90.9 --- p 

'7~7-3 Clmlmium 0.01 :/' u p 

'7~ Copper o.oas .../' u F 

'7439-89r6 Iron 0.19 ..,.... I) p 

'7439-92-1 Lead 0.002 v /,( F 

7439-954 Magnesium 69.8 .._/ p 

• 7439-96-.5 Manpae.sc o.oos ...,.,- u p 

'744()..()2.0 N"tekal 0.02 v u F 

'7441).09-7 Potusium '-"' 
I--

13.6 p 

'T782~9-2 Selenium 0.003 &/" u H 

7~22~ Silwr 0.01 / u F 

~23-.5 Sodium 100 t.,.../ p 

'7440-62-2 Vanadium 0.01 v 1/1 F 

'7~ Zllsc 0.046 ~ u p 

Ammonium 0.10 ~ u AP 

Bicarbonate 498 / T 

Carbonate 0 .../ T 

Olloride 145 v T 

Fluoride 1.8 
-7 ISE 

Hydroxide 0 / T 

Nitrate/Nitrite as N 4.40 ~ A CR. 

Sulrate 102 ~ AM 

Total Phosphonas J.liZ I c. (, .,.,. /) NA 

• pH 7.1 ~ E 

Specific Conductance 1410 ~ E 

Total Disso~d Solids 7.S6 ~ 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern, Inc, 
Matrix (Soil/Water): __ w.-..a=a.allte"'r ___ _ 

Sample No. -~12~1~27.r..l~~---­
Lab Sample m: TW-37-RfK 

Level (Low/Med): __ --.._._. ---- Date Received: 10/23/91 

Solids: --=---------
Concentration Units (mg/1 or mgfkg dry weight): mgD 

CASNO. ···· 

Aluminum CUS -.;::,---- ' p 

o.oas ~ H 

7440-'1·7 p 

Cadmium p 

Caldum 100 l -
p 

0.01 ,_,., p 

o.oas v u p 

74J9.89.6 p 

7439-92-1 Lead 0.001 .,...,. ll p 

7439-95-4 Map~esium p 

7439-96-5 Manganese 1Jf7 c...--- p 

0.13 v F 

7440-09-7 PotasSium 46,0 v p 

Scl011ium OJT76 ,/ H 

7440-22-4 0.01 / u F 

Sodium 65.5 \ ./ p 

7440-62-2 Vanadium o.os L,/"' tl F 

Zinc 3.01 p 

Ammonium 1.32 

Biarbonate 417 T 

Carbonate 0 T 

Olloride T 

Fluoride ISE 

T 

Nitrate/Nitrite as N ACR 

SuJ(atc 200 v AM 

Total Phosphonas NA 

pH E 

Specific Conductance E 

Total DiuoM:d Solids 0 

Turtlidicy Not ~uired N 
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PROJECT NO. 

LABORATORY 

INORGANIC DATA ASSESSMENT SUMMARY f 
q I; - I I 0 I . 111 SITE )11i'ffl?5a:t1o Scy-/tL Y/'...-z d-
C/..e .. ~ ;t'.;rl/iA./,,., SAMPLES/MATRIX -----

SDG # ----~"'"v...;:;C:.-~-----:...< _______ ;;<..! 3 7t} - I ;2. I -:r? 'X 

;-;.. l.;.~t) -

DATA ASSESSMENT SUMMARY ~J 
~~~, 

ICP AA y 

l. HOLDING TIMES i) C· 0 ~ 
2. CALIBRATIONS () 

0 c I t..l~ 
t I &_.c-/ Gt-

3. BLANKS D C~' (.) 

4. ICS c) 
5. LCS c'? c:' 0 

6. DUPLICATE ANALYSIS v (.) tJ 

7. MATRIX SPIKE 0 C) a 
8. MSA ~I 

9. SEF.IAL DILUTION (':! 

10. SAH?LE VERIFICATION ,.., (:. c 
11. OTHER QC ·c D ('I 

12. OVERALL ASSESSMENT (l 0 ..;._' 

0 • Data had no problems/or qualified due to minor problems. 
M • Data qualified due to major problems. 
Z • Data unacceptable. 
X • Proble~s, but do not sffect data. 

NOTES: -----------------------------------
(1 1 . r. 
I 1.. - Cl !..,,·, 1 '·' 1 ~·cc...V ~ .... r $ r;,.~; 

------------



__., 
SDG # _ __..:r;::;.......:· c..~~~~.:;..._...;;.$ _____ Project No. q 13--/10 J,)f{ 

Acceptable 
YES NO ---l. Holding Times ---------------------------------- __ _ 

};~( fJ '~'-'I 
I I ... I )j 

v 
c it I 

~ 
3. Blanks -------------------·--------------------- __ _ 

/ ' I r- r.~ 
..... c < +1.·.:: 

4. ICP Interference Check Sample (ICS) ------------ .::---__ _ 

((.//. -r c. f? v_,r"i!, _?;~ fJ r It·~.,-~ c..-f / 
-1 -. ~, ., '. I 'I I I '// / /. .... _ ,...;. :r:. c~ ,. t'fu...(_ ''''-·J'-C . //:t -/:z .• , .. · 

5. Laboratory Control Sample 
./ 

at'/ 
I - j, .. 

I '""A I 

.· 
c. 

I ,_,, 

6. Duplicate Sample Analysis ---------------------- ~ 
\1 ... -...... L· C.J, .;..ri /," Cc'"?: f~='~ ( I ·, ·t; (r -- c/ 

• 

7. Matrix Spike S~mple Analysis --------·----------
fi /'! I /.., /;..,,.... --r. ~~ ... -_ i_'~ _,... r: /1 L-,-~--- I.. . ~~ / .. · 

,.,,..., $ '--' . '... .. , .... -~ .......... :-(,, ' ... ~,!:! I .;z . .,...., '?*"·"- / ?:~~.-:'·..) ,. 

~IS LW-f tfi. k;:. ' tl)c, It= i ti 7?~f, ite- ~ c.:fs W CH 
ll;s=v GlM t ~fi&_ 

• 

• 

• 



•• 
soG' IJ!tmzc.LUI£ :;ala 1J Project No. q f 3-1/o(. :ur 

Acceptable 
YES NO 

9. ICP Serial Dilution ---------------------·-·-··· --

10. Sa~~le Result Verification ·-·------------------ --------

5a-1?~<2& r~s-(.J.fs 11<-~:{;t-0 a;:tc-~5'/ / 
(2cu1J 0~. 

-· 11. Field Duplicates ------------------------------- ____ ____ 

fliA= 
I 

• 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Jge. 
Mauix (Soil/Water): __ w.;..;..~~.a~te ..... r ___ _ 
Level (LowjMed): __ ...;.;... ___ _ 

Solids: 

Sample No. ~12=..1Woj3~17~---­
Samplc ID: EB-<l2-RfK 

Date Rc=ived: _tow.~/...,2,_4""'/9:..~1 ____ _ 

Concentration Units (mg/1 or mgjlcg dry weight): __,m.wgw.D.._ __ 

CAS NO. ANALYI'B ··•.· ' •. CDNC!N'l'XA'I10N c·:· . 
.. . :.:o ... .N .•.. 

v ~ 

7429-90-5 Aluminum 0.04 p 

7440-~ Arsenic 0.002 /' u H 

7440-41-7 Beryllium 0.001 ~ u p 

7440-4~9 Cadmium o.oos ,__., u p 

7440-70-2 Calcium o.s ~ / p 

7440-47-3 Olromium 0.01 '-"""'"' u A p 

7440-.50-8 Copper 0.005 
.._,... 

u / p 

7439-89-6 Iron 0.025 ~ u # p 

7439-92·1 Lead 0.002 ~ p . 
7439-95-4 Magnesium o.s ,_ u p 

7439-~S Manganc:se 0.005 v- u p 

7440-02~ Nickel 0.02 ~ u p 

7440-(19-7 Potassium 0.4 ~~ u p 

7782-49-2 Selenium 0.003 V'" u H 

7440-22-4 Sliver 0.01 ·v u p 

7440-~S Sodium 0.10 --- ~· p u 
7440-62-2 Vanadium 0.01 ~ u p 

7~ Zinc 0.016 ~ p 

Ammonium 0.10 ...-- u AP 

Bi~rbonace .)/"Ql~ u T 

Caltlonace 0 T 

Olloride D.1 ~ u T 

Fluoride 
~ ..... 

or:~z ... ~, __ u JSE 

Hydroxide 0 T 

Nitntc:/Nitritc: u N 0.50 __,... u A CR. 
I 

Sulfate 1 t../ u AM 

Total Phosphorus 0.10 ,__.,... u NA 

pH 6.0 - E 

Spc:eilic: Conductance 10 - u E 

Total DissoM:d Solids 10 \...-"""""" u G 

Turbidity Not required N 

23 

• 

• 



I 
. J 
! • 

I 

• 

• 

INORGANIC ANALYSIS DATA SHEET 

L3b Name: Chen-Northern. Ips:. 
Matrix (Soil/Water): __ W.:.:,aa,~.~~te"'-r----

Sample No. ~~12~1e0{,3lt.ll8~---
Sample ID: TIY-22-BFK 

Level (LowfMed): _..;;;.. ____ _ Date Received: 10124/91 
Solids: _,_;;, ________ _ 

Coaccatratioa Units (mg/1 or mg/kg dry weight): _--~::~om16g ... n...__ 

CAS NO. ANALYI'B ·. : ::.:.:.:: : .. a>NC»aMnON :.·: ... :· c< .. ·•· 
· .. .:Q :N .. 

7429-90-5 Total Aluminum 0.67 
_.,.. I 0 p 

7~~2 Total Alscnic 0.002 ~ u. H 

7440-$1-7 To&al Beryllium 0.001 ~ u F 

7~3-9 Total Cadmium 0.024 
,.,- p 

7~~2 Total Caldum 139 ~ .JI' p 

7440-47-3 Total Ouomium Q.04 v- fi p 

7~5().3 Total Copper 0.031 v-- Ll ./ F 

743~ Total Iron Q.89 -- //17 p 

7439-92-1 Total Lead 0.017 v"' ~ F 

7439-95-4 . To&al Magnesium 87.0 V" p 

7439-96-S To&al Manganese 0.88 ----- p 

7440-02~ Total Nickel 0.06 v-" p 

7440-09-7 Total Powsium 65 v- / p 

7782-49·2 Total Selenium o.ooa ~ H 

7~22-4 To&al Silver 0.01 ;_...,-: t1 p 

7~23-.S Total Sodium 96.8 v ./ p 1-1 
7440-62-2 Total Vanadium O.D2 ~ u F 

744().66..6 Total ZJne o.t82 ,_,.,..- p 

Ammonium 19 ~ AP 

Bicatbonate 696 ~ T 

Carbonlte 0 T 

Chloride 62 ~ T 

F1uoride 6.9 ~ ISE 

Hydroxide 0 T 

l'titnne/Nitrite u N 2.80 ,- A CR. 

Sulfate 27D V"· AM 

To&al Phospllonu 0.95 <-- NA 

pH 6.6 ._,/" E 

Specific Conductance 1.660 -- E ~ Total Dissolvt~d Solids uno -- G 

Turbidity Not nquind N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Ipc:. 
Matrix (Soil/Water): __ w..._.a .. re ... r ___ _ 
Level (Low/Med): _ _.... _____ _ 

Solids: 

Sample No. --:ll~Ua.1~8~~~~..,-­
Sample ID: iW · ZZ ..-J?t?( 

Date Received: 10/24/91 

Concentration Units (mg/1 or mg/kg dry weight): _..,~m~giND.....__ 

CAS NO. .. ANALYTB. <.···co~noN. ·c·'· ..·:·o. ·::.::: :' :M ,: 

7429-90-S Dis.solwd Aluminum 0.10 / p .. 
7440-38-2 Dis.solwd Arsenic 0.002 ._.,;' t1 H 

7440-41-7 Dis.solwd Belyllium 0.001 .....,... t1 p 

7440-4>9 Disaolwd Cadmium o.oas .......... t1 p 

7~'70-2 Disaolwd Calcium 134 &/"' p 

7440-17-3 Dis.solwd Chramium 0.01 t/ t1 A p 

7440.50-8 Disaolwd Copper o.oas _,., 
t1 

" 
p 

7439~~ Disaolwd Iron Q.Q51 
_,. /). % p 

7439-92·1 . Dissolved Lead 0.001 ..- t1 p 

7439-9.5-4 Dissolved Magnesium 89.8 - p 

7439-~S Dissolwd Manganese 0.77 _..- p 

7440-02-0 Dissolved Nickel O.QS ..- p 

7440-09-7 DiSIOYicd Potassium 61.5 / p 

7782-'9·2 Dissolved sCicnium 0.016 ,...,.- H 

7440-22-' Disaolwd Si!wr 0.01 / t1 F 

7440-23-S Dissolwd Sodium 95.5 . ..- p 

7440-62-2 Dissolwd Vanadium G.02 / u p 

7.1.40-66-6 Dissolved Zinc 0.072 / t,{ p 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Jpe. 
Matrix (Soil/Water): _...;W~at.&~er~.-__ _ 
Level (Low/Med): _...;;;;. ____ _ 
Solids: _.......;:;.._ _______ _ 

Sample No. _,..12:.t~1YII3,..19'-----­
Sample m: __ .... nv......._--=23-"--.:RioAofK~---

Datc Received: ___ t.¥.0'-'/2;;;:4._/9""1.__ __ _ 

Coaccatratioa Units (mg/1 or mg/kg dry weight): m~n 

·CAS NO. 

7429-9M Aluminum 0.16 ...._,/" · / P 

7440-41·7 Bayllium 0.001 c.,...--" U P 

7441).4~9 Cadmium o.oas ~ U P 

7440-70-2 Calcium 145 ,_,- P 

744G-47-3 Ouomium D.01 .,...- U L P 

744C).S0.8 Copper 0.005 ~ U P 

7439-89-6 Iron 1LO _.....- A/" P 

~~-~~~3~~n~-~t--~-----~~~d-----~------o.oo~~--~~~~~~~·~------~~P~1 u 
74~95-4 Magnesium 149 V""""' P 

743~~ Manpnae 0.58 .. -- P 

7440-02~ Nickel 0.04 ~ P 

7440-09-7 Potassium 16.4 ~ / P -;-

~~-------+---------~~-----------~--~-----~-~~~ 
7782-4~2 Selenium O.oo3 ~ U H 

7440-22-4 Silver . 0.01 v U P 

7440-23-5 Sodium 38.5 \/"" -··-· P J 
~~--------~------------~-------------~--+-----~----~1 

'7440-62-2 Vanadium 0.01 ~ U P 

Zinc 0.050 v"' u p 

Ammoaium 0.63 ,_., /J AP 

Bicarbonate 

Carbonate 0 T 

Qloiide T 

Fluoride ISE 

0 T 

Nitrate/Nitrile u N u ACR 

Sulfate 

Total Pllal'phONS /) NA 

pH E 

Spccilic CondUCtance E 

Total Dissolwd Solids G 

Turbidity Not n:quired · N 

26 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chep-Northem. Ine. 
Matrix (Soil/Water): __ W.:,uaw;te;,~,r ___ _ 

Sample No. ~,.t-.21~3t.~~r:201L...-----
Sample ID: £ l'B-O~·RfK 

Level (Low/Med): -~----- Date Received: ' 10/24/91 

Soli~: --~~---------
Concentration Units (mg/1 or mg/kg dry weight): mgn 

CAS NO. 

7429-90-5 

7439-IU 

7439·92·1 

743!M5-4 , 

7439-~5 

7440e4J9.7 

7440-23-5 

744Ge62-2 

.... . · ....... . ···· AHALYm · 

AJillftiftum 

Beryllium 

Cadmium 

Calcium 

Cuomium 

Copper 

Iron 

Lead 

Magnesium 

Manpnuc 

Potallium 

Selenium 

Silwr 

Sodium 

Vanadium 

Zinc 

Ammonium 

Bicarbonate 

Carbonate 

Clloridc 

Pluoridc 

Hydroxide 

Nitrate/Nitrite as N 

Sutlatc 

Total PhosphoNI 

pH 

Specific CondiiC'Iancc 

Total Dislolwd Solids 

Turbldlry 

- .•. r .. 

0.001 

o.oas 
o.s u 

0.01 u 

o.oas u 

0.001 ,....--- u 

u 

o.oas u 
D.02 [..--- u 

Q.4 ~ u 
0.003 ~ u 

0.01 ~............. u 

0.07 ~ / 

u 
u 

u 

0 

0.10 v- u 

u 
0 

0.50 u 

1 --- U• 

0.10 u -
10 - u 
10 

Not required 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chep-Nortbem. Ipe. 
Matrix (Soil/Water): __ w~atl.lle.L..r ___ _ 

Level (LowfMed): -~----­
Solids: 

Sample No. _,.12...,1""3.=.21=------
Sample ID: __ ,.s~o~u~th~w~e':_'istl--__ _ 

Date Received: ___ 10~1 .. 2...,4""'19...,1 ___ _ 

Coaceatratioa Units (mg/1 or mgjkg dry weight): mga 

.. ·.ANALm .. =·=:=:·:=:: :::·+·mNC::eNntAnoN' ::;,,·· ·:.=·c.:. ,:'\:_=:() CAS NO. ·.·· . . : 'J.I·· . . 

7429-9().5 Alumiaum 0.06 
. . p .,..it 

7440-38-% AlseDic 0.002 ~ u H 

7440-41·7 Beryllium 0.001 .~ u p 

7440-4>9 CadmiUJ'D O.QQS ~ p 

7440-70-% Calcium 113 ,_,- p 

7440-47-3 Olroi'Dium 0.01 ~ u A p 

7440-50-8 Copper o.oos ~ t1 1./ 
p 

1(.;~ /). /([ 743~ bon ~,os; ~--- p 

7439-9%-1 Lad 0.001 ~ / F L,{ 
7439-95-4 Magnesium 127 v p 

7439-96-.5 Manpnesc 0.015 t...-" p 

7440-0%-0 Nickel 0.03 r..-- p 

7440-011-7 Potassium !SA ~ , .. · .. p L:r 
178%-49-% Selenium 0.009 %.........--- H 

7440-~ Silver G.Ol ~ u p 

7440-%3-S Sodium 38.6 V' k"'" p -:::r 
7440-62-:Z Vanadium 0.01 ..... -- u p 

7440-66-6 Zinc: 0.075 '-"""' lA p 

Ammonium 0.10 .............. u AP 

Bicarbonate 981 
.._..... 

T 

CalboDate 0 T 

Qloridc %1 ~ T ,J 
fluoride L1 

..,..., 
ISE 

H,troxide 0 T 

Nirnte/Nltritc u N %.14 f.....,.., A CR. 

Sulrare S) ~ AM • 
Total PhosphONS 0,18 (....o"" u NA 

pH 6.5 v ! 

SpeaRe Conductance 1,620 '-"'" E 

Toaal Oissol\led Solids M4 v 0 

Turbidity Nor required N 
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INORGANIC ANALYSIS DATA SHEET 

I Lab Name: Oen-Noohern. Inc:. 
Matrix (Soil/Water): __ w.-:..~;~,a,),,lte.._r ___ _ 

Level (Low/Mcd): ---------

Soli~ --------------

Sample No. -""12111113""22**-------
Sample ID: __ _.M.......,.o....,rm ..... o...,n..__ ___ _ 

Date Received: ___ 1.¥.0/~..:2,_4 ... 19"-'~1~---

1 • 
Concentration Units (mg/1 or mg/kg dry weight): mzn 

l ·:· 
..... 

,:,::.i'.o· . .:.:>··•·•·· ..•. _:.:l.f·.:::::: CAS NO. 
·.··. .. J\NALYIB ·· :·· CDNc:En"RAnoN'··:·:::~=:r ... .-c':' 

7429-~S Aluminum 0.10 _......- . . ..• p 

7440-38-2 Arsenic 0.002 L_........ H 

7440-41-7 Beryllium 0.001 ~ t1 p 

7440-43-9 Cadmium 0.018 r~ p 

744(). '7Go2 Calcium 116 ~ p 

7440-47-3 Olromlum 0.01 ~ t1 / p 

7440-so.& Copper 0.005 ~ t1 ./ p 

7439-89-6 bon 0.025 ~ t1 ~ p 

7439-92-1 Lead O.DOl ~ /"' F L.{ 

7439-95-4 . Magnesium '73.0 ~ p 

7439-96-S Manpncse 0.005 1._,./ t1 p 

7440.()2-4 Nickel 0.02 ~ p 

7..wo.o9-7 PotasSium 14.6 \..,../'" _......... p 

1782-49-2 Selenium 0.003 ~ t1 H • 
7440-22-4 SiiYCr o.ot ~ t1 p 

7440-2.3-S Sodium 70.2 ~ ~ p 

7..$.40.62·2 Vanadium 0.02 ~ v- p 

7~ Zinc 0.~ ·, ~ '·;;;.,.. • p 

Ammonium 0.10 ~ t1 » 
Bi.:atVonate !.51 ~ T 

Carbonate 0 T 

Olio ride 113 '--""" T 

fluoride 12 ~- ISE 

Hydroxide 0 T 

Nitrate/Nitrite u N 2.80 L,.../ A CR. 

Sulfate 114 ~- AM 

Total Pbarphonas ~.;/;.'::: lA NA 

pH 7.l v- E 

Specirtc Conductaaee 1,410 
._..,... 

E 

Total Dislolvl:d Solids 'J80 /.,/' 0 

Turbidity Not n:quired N 
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INORGANJC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Igc. 
Matrix (SoilfWater): __ w~a.u!ecLr ___ _ 
Level (Low/Med): _....,;;;. ____ _ 
Solids: __ .;;;;.... _______ _ 

Sample No. _..r..l2..,1~3:=23"--.......,....,_--­
Samplc ID: __ ,_~T\\1~·•3•3-;.~o:Rt..t.EK~--­

Date Received: __ ...-~1~0~/2~~::4"'"/9~1L----

Concentration Units (mg/1 or mgfkg dry weight): mgD 

.. ·.·. • · . .i\NALYIE 
. ·. - · ...... .. ·· .. .. 

'o ··:<·--·: · CASNO. . . . ... · ··• .. CONCEN'l"KA110N ···c .."·.·.·:=::·:::-.... .. ;·.· M 

7429-90-S Total Aluminum 0.49 
_,- p 

7440-38-2 Total Alscnic Q.003 ~ H 

7440-41-7 Total Beryllium 0.001 ~ tJ F 

7440-43-9 Total Cadmium o.oos [,./' tJ F 

7440-70-2 ToralCalciulll 117 ~ p 

7440-47-3 Total Clnomiulll o.m ..........- 4" p 

7440-50-8 Total Copper o.oos ~ tJ 
~ 

F 

7439-89-6 Torallron D.6S ~ u AI' p 

7439-92-1 Total Lead O.D04 ~ / F 

7439-95-4 . Total Magnesium 43.3 ~ p 

7439-96-S Total Manganese O.Q28 
___.. u p 

7440-02.0 Total Nickel o.m ~ tJ F 

7440-09-7 Total Potallium 6.6 L.....- .. _..-·· p 

"T782~9-2 Total Scleniulll 0.003 t..·--- tJ H 

7440-22-4 Total Silver 0.01 ~ tJ p 

7440-23-S Total Sodium 63.1 ~ ----· p 

7440-62-2 Total Vanadium 2.78 ,_..- p 

7~ Total Zinc 0.016 --- LA p 

Ammonium 136 ~ AP 

Bicarbonate 478 ~- T 

Carbonate 0 T 

Chloride 1211 v T 

fluoride Q.37 _..-
lSE 

Hydroxide 0 T 

l'Oitratc/Nitritc as N 6.00 ._..... A CR. 

Sulrate 66 '---" AM 

Total Phosphorus lJ)6 ~ NA 

pH 7.2 
_.. 

E 

Specific Conductance 1,130 
__. 

E 

Toea! Oiuotvcd Solids 608 ~ 0 

Turbidity Not required N 

30 

·--- -- -- _ __:_ _______________ __) 



I 
I 
I 
J 

I 

I 
I 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chep-Nortbem, Inc;, 
Matrix (Soil/Water): __ w~at~e:.&.r ___ _ 
Level (LowfMed): _....;:;. ____ _ 

Solids: 

Sample No. _ _.,12~1~323!:!'--~,.,..--­
Sample ID: __ 7.-......::~U"""'J_-_3_3;..,_ __ 

Date Received: __ __..1.¥.0ul2:,;:4 .. /9""'1~~.-. __ _ • 
Concentration Units (mg/1 or mg/kg dry weight): _..Aim.l.lig.un __ 

CAS NO. ··· .. ·· < ANALYI'B . .. .. . .. 

7429-90-S OissoMd Aluminum 

7440-38-2 Oissolwd Alscnic 

744041-7 Oissolwd Bctyllium 

744043-9 Oissolwd Cadmium 

7440-~2 Olssolwd Calcium 

744().47-3 Dissolwd Chromium 

7440-SQ.i Oissolwd Copper 

7439-8~ Oissolwd Iron 

'7439-92-1 . Oislolwd Lead 

7439-9~ Oissolwd Magnesium 

7439-96-S Oissolwd Manganese 

7440-02-0 Oissolwd N'acke.l 

744().(19. 7 Oissolwd Potasaium 

1782-49-2 Oissolwd Selenium 

7440-22-4 Oissolwd Silver 

7440-%3-S Oissolwd Sodium 

7440-62-2 Oiaolwd Vanadium 

7~ Oissolwd Zlnc 

. CONCE!NI'RAnON · .:=-, .. 

0.07 
(" 

0,003 
/ 

/ 
0,001 

O,OQS /., 
~ 

123 / 

( 
0,01 

0,005 r 
0.011 / 

0,001 / 

44,2 / 
0.027 / 

0,02 /_, 
6,4 

/ 
.#'. 

0.003 / 

OJ)1 / 
60.9 / 
2.86 

.,.-

0,011 
,-

31 
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tJ 

tJ 

tJ 

u 
tJ 

lA 
u 

tJ 

tJ 
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0:::_:.:,'(.:.:. ~~~-

~ 
1/ 

ft 

p 

H 

p 

p 

p 

p 

p 

p 

F 

p 

p 

F • p 

H 

F 

p 

p 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chep-Northern. Inc . 
Matrix (Soil/Water): __ w.:.:..».a.~.~~te;,~,r ___ _ 
Level (Low/Med): _..;;;;.. ____ _ 

Soli~: --~--------------

Sample No. -~12~1~32~;;:4~~-----­
Sample ID: ~-..... IW........--48~·.:o:B~et:-EK=---­

Date Received: ---"'lM.0/'-~2,;;:4 .. 19.:.,j1~---

Concentration Units (mg/1 or mg/kg dry weight): mgn 

CAS NO. · .. •:-- , .... :··'',·''·,·:'. ·. 'ANAL'YI'B .· :.:::::):::.::· 

7429-90-5 Aluminum 

7440-38-2 AlscDic 

744041·7 Bctyllium 

7440-43-9 Cadmium 

7440-70-2 Calcium 

744047-3 Ouomium 

7440-50-8 Copper 

7439-89-6 1!011 

7439-92·1 Lead 

7439-95-4 . Map~aium 

7439-~5 Manpnesc 

744().02.0 Nickel 

744().09. 7 Potaaium 

7782-49-2 Selenium 

7440-22-4 Silver 

7440-2.3-5 Sodium 

7440-Q-2 Vanadium 

744().66.6 Zinc: 

Ammonium 

Bica!bonatc: 

Ca!bonatc: 

Olloridc: 

Fluoride: 

Hydrozidc: 

Nilratc:/Nitrite as N 

Sulfate: 

Total Pllorphonas 

pH 

Spcrinc: Conductance 

Total Dissolved Solids 

Turbidity 

:':/'' coNC::ENritA.nori::,:;:~:::, .. :·,:e:::·-· 
...,.... feo • ; 

Q.23 

0.002 I,/ u 

o.oot ~ u 

o.oos ~ u 

108 v 
0.01 c,...- u 

O.D09 ~ /,{ 
Q.26 \..-- 11 
0.001 ~ / 
53.1 \/ 

0.006 _,.. /J 
0.02 ~ u 
4.9 ~ .. .,-·< 

0.003 ;,..-- u 

O.ot ,_,...- u 

11.3 v -.. , 

0.04 ---· ./ 
0.018 ~ w 
0.10 t.-/" u 
472 ~ 

0 

19 J,./"' 

0.23 f/"' 

0 

4.15 t;--

72 \./ 

0.17 "-"' lA 
7.0 

.....,... 

911 ,__-

487 
...,....... 

Not required 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Ine. 
Matrix (Soil/Water): __ w~a.~.~~te.._r ___ _ 

Level (LowfMed): --~----Solids: __ ,;,;,.. _______ _ 

Sample No. ~12~1-'l325~~--­
Sample ID: TW-49-REK 

Date Received: __.t,;10~/:.=2.;:.4,_./9u.l ____ _ 

Concentration Units (mgfl or mgfkg dry weight): mgn 

. <::·:'eo~noN ·. · 
.. · •.... ;· . 

CAS NO. ; .ANALYI'B :-.:: '.'c· ·.·:··::.,:::o ··.:.· ·M·' ; 
.. 

74%9-~5 Aluminum 0.06 
..__ .. p ... 

7440-38-2 Alsenie 0.002 ,/ u H 

7440-41·7 Be,Uium 0.001 v-- u p 

7440-4~9 Cadmium o.oas ~ u p 

7440-7G-2 Caldvm 125 \ooo"""""' p 

'7440-47-3 Cuamium 0.01 / u X p 

7440-$().8 Copper o.oas ~ u .,.. p 

7439-119-6 11'011 0.033 ~ u A' p 

7439-92·1 Lead 0.001 ~ u p . 
7439-95-4 Magnesium 66.1 t.........-: p 

7439-96-5 Manpnesc o.oo:s --- u p 

7440-02.0 N'ackel G.02 ~ u p 

7440-09· 7 Powsium .5.1 :...---- / p 

7782-19-2 Selenium 0.0()3 ~ u H 

7440-22-4 Si1Yer 0.01 ,_,-- u p 

7440-23-5 Sodium 13.8 v ./"" p 

7~-2 Vanadium 0.01 (__./ u p 

'7~ Zinc 0.008 __,/' u p 

Ammomum 0.10 .......-- u ~ 

Bicarboftate 544 
._..,.., 

T 

Carbonlte 0 T 

·-. Qloride - 17 t,../"" T 

fluoride 0,23 --- ISE 

Hydroxide 0 T 

Niuate~itrite u N 3.35 --- ACR 

Sulrate . 7l 
... - AM 

Total Phaspllonas 0.13 ~ w NA 

pH 6.7 -- E 

Specific Conductance 1,010 ~ E 

Total DissoM:d Solids m .... - 0 

Tulbidity Not requirid N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern, Inc;, 
Matrix (Soil/Water): __ w~a....,te"'r ___ _ 
Level (Low/Med): __ ..;;;;.. ___ _ 
Solids: 

---~-----------------

Sample No. ___..l2<~~J1~326~---­
Samplc m: SW-49-REK 

Date Re=ivcd: __.,10~/;..6;2,;:.4/t..il9Al ___ _ 

Concentration Units (mg/1 or mg/kg dry weight): mga 

·.· :ANALYTB 
. . ·· .. ·· .. c· . ... ·. . . :: ..... :-

CAS NO. .. .. . . · · CoNCeNillA"IlON' : :,:: o· ... ::.i:·. M 

7429-9G-S AlumiJium 0.08 / . . . p 

7440-38-2 Arsenic G.002 ~ u H 

7440-41·7 Beryllium 0.001 .........- u p 

'744G-43-9 Cadmium o.oos (~ u p 

7440-~2 Calcium 112 '-""""'""" p 

7440-47-3 Chromium 0.01 ...,- u / p 

7440-SQ.S Copper 0.005 ·t....-"'" u . p 

7439-89-6 Iron D.Ol2 ~ tl IJt!' p 

7439-92·1 Lead 0.001 ~ u 7 
p 

7439-95-4 Magnesium S8.8 ~ p 

7439-96-S Manpncae 0.005 ~ u p 

7440-02-4 Nll:kel 0,02 ~ u p 

7440-09-7 Potassium 4.7 ~ ~ p =r 
7782-49-2 Selenium Q.003 ~ u H 

7440-22-4 Silver 0.01 t./ u F 

7440-23-S Sodium 12.1 ./ v p 

7440-62·2 Vanadium 0.01 ~ u p 

744()..66.6 Zinc 0.008 / u p 

Ammonium 0.10 ._.,.- u AP 

Bic:altKmate $38 ,_,.,.- T 

Carbonate 0 T 

Chloride 19 .......,~~· T 

fluoride D.23 c-/' ISE v!J . 
Hydroxide 0 T 

Nitrate/Nitrite u N :uo ~ • ACR 

SulCate 102 .....,/ AM 

Total Phosphorus 0.13 
_.,. 1!1 NA 

pH 6.7 --- E . 
Specific Conductance 1.000 ........... E 

Total Dissolved Solidi .5711 .._...,., 0 

Turtlidiry Not required N 

34 .. 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Cbep-Nonhern. Ips:. 
Matrix (Soil/Water): __ w.-...a,.te"'"r ___ _ 

Level (LowfMed): ------­
Solids: 

----~---------------

Sample No. _.,12=..~1 .... 37.u0'---------
Sample ID: --=B .... o .... y""'S~c;o~u...,t ___ __ 

Date Received: _10~/;,a26""""'/9ul.__ ___ _ 

Coac:eatratioa Units (mg/1 or mg/kg dry weight): men 

... ..... :.· ··c I<= :''.. .· .::·,=,: __ ··,' .. 

CAS NO. 'ANALYTB· .. ·. =:' OONC:I?NI"RAnON ···.·· .. o.·' . }d. . . .... :··-· . 

1429-90-S Aluminum '• 0.13 
_,...... 

p ,, 

7440-38-2 Ancftlc 0.002 ~ t1 H 

7440-41-7 Beryllium 0.001 c.,......- t1 p 

'744().4).9 Cadmium o.oas ............... t1 p 

7440-1G-2 Calcium 111 v p 

7~7-3 Chromium 0.01 ~ t1 p 

7440-50-8 Copper o.oos 1/" t1 p 

7439-8U Iron 0.18 
_..,.... u p 

7439-92-1 Lead 0.001 
,........ 

.;"/ p u. 
7439-9$-$ Magnesium 48.8 £;"""" p 

7439-96-.5 Manpncsc 0.010 ~ u p 

7~.0 NICkel 0.02 V" t1 p 

7440.()9-7 Pocasaium 
. ~/2.<. (~ ~- p rr 

7782-49-2 Selenium 0.003 ._/""' t1 H 

7440-:22-4 Silver 0.01 v,.. t1 p 

7440-23-S Soclium 6.7 v- ,.........,~ p .. 
~ 

'7440-62-2 Vanadium 0.01 1.---' t1 p 

7.a.;Q.66.6 7Jftc 0.012 -- lA. p 

Ammonium D.l8 ~ u A7 

Bicartloaatc 491 ~ T ~ 
Carbonate 0 T ~ 
Chloride 10 !.,../"' T 

Fluoride 0.26 ............. ISB . 
Hydroxide 0 T 

Nitrate/Nitrite as N o.so c._,., u ACJt 

Sulfate 36 _,.- AM 

Total PhOIS'phorus 0.10 '-- t1 NA 

pH 7.7 -- E 

Specific: Conductance 718 --- E 

Total Dissolved Solids ~l-\;!1- ........ ~-- 0 

Turtlidiry Not required N 
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JNORGANlC ANALYSIS DATA SHEET 

Lab Name: Qen-Northcrn. Inc. 
Matrix (Soil/Water): __ w~at~e:.&.r ___ _ 
Level (Low/Med): _...;;... ____ _ 

Solids: --=---------

Sample No. __,~12~1 ... 37~1~--­
Sample ID: _..~o~S,w,0nu.' nwg._B"'ow,:x~--­

Date Received: _,..10~/~25""'/"-'i:9•1----

Concentration Units (mg/1 or mgfkg dzy weight): m~/1 

' ·:···.',.··ANALYI'B =··i:::O::oo'\ .. :::'·. 
.. ·.· .. 0"")::, CAS NO. ...... _;. ··:o··.·.:·C:ONCENI'RA110N :·.·:. c: :=.:::·::·:'.:,-:0 ·.M: 

7429-90-S Aluminum 0.13 
_,., 

p .. · , 

740-38-2 Alsenic 0.002 ~ u H 

7440-41-7 Beryllium 0.001 L,..-/ u p 

7440-4>9 Cadmium 0.005 ~ u p 

7~70-2 CalCium 109 ~ p 

7440-47-3 Cuomium 0.01 
_,... 

u p 

7440-SGe& Copper o.oos v" u p 

7439-8~ Iron o.oso ~ lA p 

7439-92-1 Lead 0.002 ~ v p u 
7439-95-4 Malftesium 47.1 v p 

7439-96-S Manganese O.oo7 ~ lA p 

7440-02~ Nickel O.Ol v u p 

7440-09-7 PotasSium L,..../ 2.S / '2.. Co ~ ~-. p 

7782-49-2 
; 

!./' Selenium 0.003 u H 

7440-22-4 Silwr 0.01 ._,/ u p 

7~2>5 Sodium 6.S v ~,... ....... ' p 

7440-62-2 Vanadium 0.01 L/ u F 

7440-66-6 Zinc o.rJ:iz, l~·::::-- u p 

Ammonium 0.10 
..,.,- u AP 

Bicarbonate 503 
,.....,. 

T 

Carbonate 0 T 

Chloride 8 t..-- T 

fluoride D.26 ,_./" ISE 

Hydi'Oiide 0 T 

Nitrate/Nitrite u N 0..50 '-""' u ACJl 

SuJrate 36 _,- AM 

Total Phosphorus 0.10 ..__..... u NA 

pH 7.4 
....__-....-

E 

Specific Conductance 752 - E 

Total Dissolved Solids 428 ...-- Ci 

Turbidity Not required N 

43 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Cbep-Nortbem. lpe. 
Matrix (Soil/Water): __ w.-..a.a.~~te""r ___ _ 
Level (Low/Med): _..;.;.. ____ _ 

Sample No.:_ .... 12,...1...,372...., _____ _ 
Sample ID: .....~Fi...,m~c:.LI.b~-----

Date Received: _.6.110""/-=26~/:..:9.,;~;,1 ______ _ • Solids: 
----~-----------------

Cooceotratioo Uo.its (mg/1 or mgjlcg dly weight): mgD 

.ANALYIB·· ... .·:.::;.:•:; : .... ··e:.·· : ()::::: .... ··:· :M ·. CA.SNO. ··.·. .. CDNCmn"RAnON · .. · .. · 

7429-90-5 Aluminum 0.10 _,.,.., • I p .. -
7~38-2 Arsenic 0.002 ~ tJ H 

7440-41-7 Beryllium 0.001 ._,/ tJ p 

7440-43-9 Cadmium o.oos v tJ p 

7~70-2 Calcium 150 
,_,_.....- p 

7440-47-3 Clromium 0.01 tJ p 

--7440-so.a Cower 0.005 v tJ p 

74~ baa 0.030 
..,./" tA p 

7439-92-1 Lad 0.007 ~ ~ p L( 
7439-95-4 Magnesium 57.0 ~ p 

7439-96-5 Manpnese o.oos tJ p 

744().()2..() Nickel Q.02 ./ tJ p • 744().Q9-7 Potassium '-""s.3 /4. 7 v-A: ~- p .:::r 
7i'8l-49-l Selenium o.och I ;,\J tJ H 

74.1().~ SiMr 0.01 ~ tJ p 

7440-23-5 Sodium 69.9 v' ~--
-

p ::r 
744G-Q-2 Vanadium 0.01 L/ tJ p 

744().66.6 Zinc O.ID / u p 

Ammonium 1.44 / AP 

r:~~ Bicarbonate 478 [..../'" T 

Carbonate 0 T 

Oaloride 156 ~ T 
. 

Fluoride 0.25 ,....,- ISB 

Hydroxide 0 T 

Nitrate/Nitrite u N 4.85 ~ ACR 

~:ttlqv Sulfate 66 
_.,. 

AM 

Tocal Phosphonu I IO ?~ tJ NA ,....oM" : 

pH 7.D 
_, 

E 

Specific: Ccnduaance 1,360 ..__... E et Tocal DissoM:d Solids ?06 - 0 f 
Tul't)idiry Not required N ~ 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. lpc. 
Matrix (Soil/Water): __ w~a~tey,r ___ _ 
Level (LowfMed): _..:;;.. ____ _ 
Solids: __ ;.-.. _______ _ 

Sample No.: ~1~.~:~2..,13~73~---­
Sample ID: Formation A 

Date Received: 10/26/91 

Concentration Units (mg/1 or mg/kg dry weight): mgD 

... 
CAS NO. 

.. .· .. ·.··ANAI.YIE ;:, .. v·= .. · ccNC:SNIMno.:l · :=:;: ··=c:: .. :·::.'to:':··:=. =:M 

7429-9().5 Aluminum 0.10 
_,.... '. p .. 

744G-38-2 Ancnie 0.002 ~. u H 

7440-41-7 Beryllium 0.001 v-- u p 

7440-4).9 Cadmium 0.005 V"""" u p 

744G-~2 Calcium 162 '-- p 

7440-47-3 Cluomium 0.01 ~ u p 

744G-50-8 Copper 0.005 ~ u p 

7439-aU Iron 0.035 ---- u p 

7439-92-1 Lead 0.001 ~ u p 

7439-95-C Magnesium 43.0 t.-- p 

7439-96-5 Manpnese .HeS-.oe~/ u p 

744().(12..0 N"IClccJ 0.02 l.--' u p 

7~7 PotiSiium L---- 1.4 /I .; I j,.. v---· p tr 
o.o» ~ r-7782~9-2 Selenium u H 

744G-22-I Silver 0.01 l.,./ u p 

7~2>5 Sodium 4.3 '-"""""' /' p -=r 
7440-62-2 Vanadium 0.01 _,,. u p 

744G-66-6 Zlnc 0.012 v- LA p 

Ammonium g.DHr. :f)?- u A:P 

Bicartxmate 599 ~ T /,{ 

Cartxmate 0 T 

Odoride 5 .. ._/ T 

fluoride 0.29 
__....., 

LS2 

Hydroxide 0 T 

Nitrate/Nitrite as N o.so ;.../' u A CR. 

Sulla11: 30 
..__. 

AM 

Total PhosphoNS o.to _..,- u NA 

pH 6.6 _,. E 

Specilic: Conduetanc:e 968 ~- E 

Total Dislolved Solids S46 ~ 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 
. :( . 

Lab Name: Chen-Noahern. Inc. Sample No.: _..61",..=137~4._ __ _ 
Matrix (SoilfWatcr):~ ..... :. _w.....,aa.ate""'r_._._ ............ _ Sample ID: -.~Le=:...~:~d.-:ieo:.~.r""A~---
Level (LowfMed): _______ ......;..,_.........,.. Date Received: _..,.;10""1 .. 26¥.1/"""9 .. 1 __ _ 
Solids: 

Concentration Units (mg/1_ or mg/kg dry weight): mt/J 

CAS NO. • ·. · "'··'·~:_::::: 

.. -

. . .: ~1: 

'AneDlc • 

,. .... 
p 

0.002 t--""""" U H 

'7440-41-7 Beryllium·-- o.mt ~ U P 

7440-4>9 - - Cadmiu·m· - - Q.DQS ~ U P 

'744Go?O-'l - ·•• Calciui'D .::.._ - 127 L-- P 

• ""7440-47·3 - •• Cuanium -- -..:. - ...AOf ,cc: v· U P 

• "7~SO-I ·• - Copper • -··- - 0.005 ~ U P 

~~---~-~-~-~--~-----~----·-·----~--a_· __ ·-_-::~:: _____ o_.oo_1_~----~-~--~------~~p~1LA 
· 74~~ - - Magndiurii - - .,.1 Y""" P 

... 
· · "74~~5 ---- Manganese -- 0.005 _.,...., U p 

• '"7440-02.0 - Nickel • -+-- 0.02 ~ tJ P 

~~---'-~---~----~---------~-~--~~~m-·_-__ -_-~------~---L~'~/~rr.~q~~~~~-+-------+~'~,~-
"7'712-'9-2 - Sclcn.ilim · - -- o.oo3 tJ6(J" tJ H 

• "7~22-4 • . • -· 'Silver • - -- O.ot ~ tJ p 

tr------,-~ __ ~ __ s ____ ·~·-·---·---~--l_um ___ -----.-~---·-------~s_A ___ ~--~~~~~~---------+~'~~1~ 
Vanadium • · . .. 0.01 ~ U p '"'7440-6!-l .. .• 

Zinc· 

Ammonium 0.10 V tJ AP 

Bicamiiare --- m~ T 

0 T 

Ollori4e 1 ~ T 

F1uoriile JSE 

0 T 

-- r-:itratc/Nitiite u N 0.50 tJ A CR. 
". 

··==--

i --

• 

Sulrare 30 AM 

• --- . Total PhOipbOtUI 0.10 tJ NA 
~ -· p'R" 7.1 E -

Specific Conduaance 780 

~s:~ ··-· E 
·n 

-·· -~otai'Disiol'\loed Solids G 
.... 

··•:· 
Turbidity -· Not requird N 

.... · ....... : :. .: .. ·=- .......... . . 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Cben-Nortbem Jpc. 
Matrix (Soil/Water): __ w~a.LIIteo.~.r ___ _ 

Level (Low/Med): --=------
Sample No.: ~"""12~1ooi.~7.w.5~.-__ _ 
Sample ID: __.te~:Cr.~::~d61ge~Y.r_.B"-----

Date Received: _""-l10u.l..c::26ou/~9.._1 __ _ 
Solids: _ _...:;;:._ ______ _ 

Concentration Units (mg/1 or mgfkg dry weight): mgn 

.. •, Ct\SNO.· ·-.::··; .. . .. : :)·.:::y:·::::AHA.i.Tn!. : '·:·':;::·:_:_:;:,:: ·.··:.:.:. 
._::;.. 

·.•·.·· .. . .. · . ··.·.·::.·-:.-:::·.· .. .;.·::·.··. 
CONCENTRA'110N<'.:;;::: :.··c:': ·;:o,';:':::':·::• o··'':::;:;::=:::n •),'·l.l.::.:, 

7429-90-5 Aluminum p 

7440-38-2 Ancnic 0.002 ,_,..-- lJ H 

7440-41-7 Beryllium 0.001 ~ lJ p 

'744043-9 Cadmium o.oo:s v t1 p 

7~~2 Calcium 129 ~ p 

7440-47·3 Ouomium _..D.of:c: t '~ lJ p 

7440-50-8 Copper 0.005 ~ lJ p 

7439-aU baa 0.029 "" u p 

7439-92·1 Lead 0.001 ~ / p tA 
7439-9.$4 Magnaium 46 ............. p 

7439-96-5 Manpnese ..Dcf!Jf.c:~-, ~~ lJ p 

744().0%.0 N"ICttel OJI2 v- tJ p 

744().09. 7 Powsium V""""" u /,. c; u A ~ p 

778249-2 Selenium 
, 

,_.)>-1 0.003 tJ H 

7440-%2-4 Silver 0.01 ..--- u p 

7~23-S 

7440-Q-2 

7440-66-6 

Sodium 

Vanadium 

Zinc: 

Ammonium 

Bicarbonate 

5.J _./' _.,./ p 

0.01 '-/ lJ p 

0.009 --- I) p 

0.10 L/ tJ AP 

m L--' T 

~~~~~---~~---~---~~~~~---~~~~ 

~j 
Cazbonate 0 T 

Olloridc 7 {......- T 

F1uoride 0.21 ~ ISE 

. Hydroxide 0 T 

Nitrate/Nitrite u N o.so 
,__.... 

tJ ACR 

Sutlate 30 ..__. AM • 

Total PhosphoNS 0.10 _....... lJ NA 

pH 7.2 c.../" E 

Spcan.: Conduc:tan.:e 768 - E 

Total Diaalwd Solids 410 -- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. lpe, 
Matrix (Soil/Water): __ W-....at,..cr.._ __ _ 

Level (LowfMed): --=----­
Solids: 

---~------------

Sample No.: _-A<12.,.13;.:7.u6"----­
Sample ID: Fprmatjon B 

Date Received: 10/26/91 

Concentration Units (mg/1 or mg/kg dry weight): mgn 

,·,·: ·. .. ::/:::'/:::·ANAi.Y:m :·.·. :-/tl::':::,: .. .,::::=<m~noN''/'r" ==lrrro .. ··:·:.: .. :-.-··.· ·:·.·.·· .. -CAS NO. .. ·::cc·.·:::· ··:;-::;::=:::::.~::· .::,_:·M·"''·· 

7429-90-S Aluminum 0.11 ~ () .. p 

744().38-2 Anenie 0.002 ~ u H 

7440-41-7 Bezyllium 0.001 ~ u p 

744()..43-9 Cadmium 0.005 V' u p 

7440-'70-2 Calcium 1S7 ~- p 

7440-47-3 Cuomium 0.01 '--'" u p 

744().50.8 Copper 0.005 f./' u p 

7439-89-6 Iroa 0,042 ,/ /,{ p 

7439-92-1 Lead 0.001 z_.- / p Lt 
7439-~ Magnesium 43.6 ~ p 

7439-96-S Manpneso 0.005 -- u p 

744().02~ Nll:lcel 0.02 ~ u p 

744().09..7 PoWiium ~.J A'. (; 1.111 ~- p tr 
o.o» J><: t-7'182-49-2 Selenium u H 

744().22-4 S'alver 0.01 ~---- u p 

7440-23-S Sodium 4.6 ,__,..- --- p ::r 
7440-62-2 Vanadium 0.01 ~ u p 

7440-66-6 Zille 0.020 ../ tl p 

Ammonium 0.43 ~ AP 

Bicarbonate m ~ T 

Carbonate 0 T 

Olloride 10 ~ T 

fluoride G.23 t....-· ISE 
. H)'dra:dde 0 T 

Nitnte/Nltrite u N O.JO ~ u A CR. 

SulCate 30 -- AM 

Total Phosphorus 0.10 - u NA 

pH 7.J 
_,..-

E 

Speane Conduaanee 718 ,., E 

Total DilloMd Solids 412 
_, 

0 

Tultlidiry Not ~a~uind N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Cbep-Nortbern. Ipc. 
Matrix (Soil/Water): __ w ........ at...,er&...o.. __ _ 

Level (LowfMed): -~-----Solids: _ __.;:;;... _______ _ 

Sample No.: ~~12~13~77...:....--­
Sample ID: EB-O}:Ccy 

Date Received: 10/26/91 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

... CASNO. ·' .. .. =·-:·;-:;_:·: '': .AHALYI'B >.::)::\=::::=:.·~· ,,,. >feoNC:eNrRA.noN ·· :•rt ;(:::: .. •'''•:.\•}: 0 ·:i::.::;:::::·. .··"M : 

7429-90-5 AJumillum 0.17 ~ IX p 

7440-38-2 Analic OJI02 ~ u H 

7440-41-7 BcrylliWD 0.001 1--" u p 

7440-43-9 Cadmium o.oas ~ u p 

7440-'70-2 Calcium o.s ............... p 

7440-47-3 Caromium O.Dl ~ u p 

'7440-»8 Copper 0.005 v-- u F 

7439-89-6 lraD 0.168 v- p 

'7439-92..1 Lead 0.001 ~ / p 

'7439-95-4 Magnesium o.s v u p 

'7439-96-5 Mupnc:se O.D11 ~..........- p 

7440eG2~ NldteJ 0.02 v u p 

~7 Potassium \_/ o.4 /o. 'f., t'\ u p 

'7782-49-2 Selenium o.oo{··~ u H 

7440-22-4 Silver 0.01 ~ u p 

7440-23-S Sodium 0.06 ,_ ~ p 

7440-62-2 Vanadium 0.01 t- u p 

744().66.6 Zlnc: 0.014 
,_........., 

p 

Ammonium 0.10 ~ u AP 

Bicubonate l(J(c) ~o.'t~ ~.--,........ T -, 
CutMmate 0 T 

Caloridc 0.1 ~ u T 

f1uoridc 0.10 u JSE 

Hydroxide 0 T . 
Nitnuc(Nitritc u N D..50 :,../" u ACR 

SulCate 1 ~ u AM ·-
Tow PhasphoNS 0.14 ~ NA 

pH s.a ...,./ E 

Spcdlic: Coeduc:tanc:e 10 --- u E 

Total Diuolwd Solidi , r3t-',........ u 0 

Turbidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 
Matrix (Soil/Water): __ w~atu.e""r ___ _ 

Sample No.: _,..12:..1..,378'-lol-__ _ 
Sample ID: IW-38-Ccy • Level (Low/Med): _ _,;,;, ____ _ Date Received: 10/26/91 

Solids: __ .;;;... _______ _ 

Concentration Units (mg/1 or mgfkg dry weight): mgD 

'CAS NO. 
·--·: ·:··:· .. : -}:::~:-=:::· ... :: ···.·.· ... Q .. ·: ••. "·: :·; .... )\( .: .. :.: 

74~~s Toral Aluminum p 

TowAIIcnic O,OOS ~ H 

7440-41-7 Toral Beryllium 0.001 ,_..,... t1 p 

Toral Cadmium O,OQS ~ t1 p 

Toral Calcium 164 p 

7440-47-3 Toral Qromium 0.01 p 

ToraiCoppc:r 0.017 p 

7439-89-6 Toral Iron 

7439-92-1 0.015 ,_........ u p Tow Lead 

7439-95-4 Toral Magnesium 64..2 ~ P 

7439-96-S Toral Manpnesc 0.181 _...., P 

7~.0 Toral Nickel 0,02 V P 

~~--7~ __ ·_7_-+ ___ To_ra_I_Poraa __ lu_m ___ ~-~--· _10~..2~~--q~~~~~~~~~·~+----~--'~l~ 
7782-49-2 Toral Selenium 0.~ ~ t1 H 

• 
Tow Silver o.o1 ~-u P 

Tow Sodium 

Tow Vanadium 

Toral Zlnc: . v"' Ll 
0.041. Vt P 

Ammonium 

Bicarbonate 472 ~ T 

Camonate 0 T 

·Qioride · 86 T 

fluoride: ISE 

Hydroxide: 0 T 

Nitrate/Nitrite as N 1.77 ACR 

SulCate 200 AM 

Toral Phosphorus 1.04 NA 

pH E 

Specific Conduc:tancc E -Total Dis.solwd Solids 812 0 

Turbidity Not rcquind N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Oen-Northem. Inc. 
Matrix (Soil/Water): __ w~at~e.~..r ----
Level (Low /Med): _...;;;.. ____ _ 
Solids: 

Sample No.: ...... ,...12~1""~78~--­
Sample m: TIV-38-CCY 

Date Received: 10/2§/91 

Concentration Units (mg/1 or mg/kg dry weight): m1n 

.. '::·':·ANAI.Ym ·.· .,·.~)·.:.'· CoNc:::::eNTKA'IlON. :::. . :•,· . .. . 
CAS NO. 

.. .. , ..... c . · ... :::::··:::''()' .. :.· .. ·'.M' 

7429·~5 Dissolved Aluminum om --- tA p 

7~38-l Dissolftd Ancllic 0.002 / 'U H 

7~1-7 Dissolved Bcrytlium 0.001 ~ 'U p 

744G-43-9 Dissolved Cadmium o.oas -- 'U p 

7440-~2 Dissolftd Calcium 14S / p 

7~7-3 Dissolved Olromium 0.01 -- 'U p 
/ 

7~.50-8 Dissolved Copper o.oas 'U p 

7439-89-6 Dissolvedlroa 0.038 
.,..,. u p 

7439·92·1 Dissolved Lad 0.001 / 'U p 

7439-95-4 Dissolved Magnesium $7.2 / p 

7439-96-S Dissolved Manganese 0.008 / u p 

7"-''--l~ Dissolved Nickel 0.02 / 'U p 

744()..()9. 7 Dissolved Potassium 8.8 /<s..s ~ ~ .... p 

7782-49-l Di110lved Selenium 0.00~ lQ¥' u H , 
7440-22-4 Dissolved Silver 0.01 'U p 

7~23-S Di110lved Sodium 83.5 
/ p 

744().62-2 Dissolved Vanadium 0.18 / u p 

7440-66-6 Dissolftd Zinc 0.016 / t) p 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern, Ige, 
Matrix (Soil/Water): __ w ...... a,.te..._r ___ _ 

Level (Low/Med): --------

Soli~ ----~-----------------

Sample No. _12....,1 ..... 38...,.0"----­
Sample ID: J'W-50-RFK 

Date Received: -.10~/~25""""'/9ul.._ ___ _ 

Concentration Units (mg/1 or mg/kg dry weight): min 

CAS NO • . · ·:· .. ·.· .,::<.::· :·'ANALYI1f.,':'::','·': :,', ·.:,. .. : :: C:oNC:mmv.noiif':::':i:'::: ':c·:) 1·(==',\'''a :·:·: ::.:·M··· 

7429-90-5 Total Aluminum w (..,/'. ,. p 

74438-2 Total Aftcnic 0,002 
_...., 

u H 

74441-7 Total Beryllium 0.001 ~ u p 

74443-9 Total Cadmium O.OQS 
,_.,., u p 

744~2 Total Calcium 111 ~ 1/ p 

74447·3 Total Cuomium 0.01 ,_. 4l p 

74450-8 Total Copj:ler 0.012 ~ L( p 

743~ Total 11'011 13A ,_- p 

7439-92-1 Total Lead 0.002 ~ /" p u 
7439-9~ Total Magnesium 1.S4 {_,...-"' p 

7439-96-5 Total Manganese 0.59 (_....;" p 

7440-02~ Total Nickel 0.03 ~ F 

74409-7 Total Potassium 14.6 
_,., 

!./ p 

778249-2 Total Selenium 0.003 c_...../ u H 

744G-22'"' Total Silwr 0.01 ~ u p 

744G-23-S Total Sodium 6.5.2 ~ ~ 
~ 

p 

744G-62-l Total Vanadium 0.01 c/ u F 

744().66..6 Total Zinc o.D48 ~ lA p 

Ammonium o.tl ~ lA AP 

Bicarbonate 472 //"' T 

Cartxmate 0 T 

Chloride 113 ......... T 

Fluoride 0.56 (./' ISE . 
Hydroxide 0 T 

Nitrate/Nitrite u N o.so -- u A CR. 

Sulfate 300 -- AM 

Total Phosphorus 0.97 ,...., 
NA 

pH 7.1 -- B 

Specific Conductance 1.780 ...... E 

Total Di.uolwd Solids 992 
_,_.... 

0 

Turbidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Nonhern. Ipc. 
Matrix (Soil/Water): __ w~aelo.llter.~,r ___ _ 

Level (LowfMed): ---------
Solids: ------------

Sample No. ~~12111"1""38¥:0.,_~~=---­
Lab Sample ID: 7 k/1..- 5"1? 

Date Received: 10/25/91 

Concentration Units (mg/1 or mg/kg dry weight): m~n 

.. 
. ANALYI'B ., . ·: . (X)Nc::::eNBA'llON ··:::··c·.-_,: >·a: .. -..,: '·•· 

CAS NO. ·:·.::··· . . · .. '.':' ... ·.·· .. :: . ::.::M:. 

7429-90-S Dissolved Aluminum 0.10 r tA. p 

7~38-2 Dissolved Ancaic 0.002 ~ u H 

7~1-7 Dissolved Bcrylliura 0.001 ~ u p 

7440-4>9 Dissolved Cadmiura 0.005 ~ u p 

7440-70-2 Dissolved Calcium 134 / ...,..._ p 

7440-47-3 Dissolved Ouomiura 0.01 / u A p 

7440-»8 Dissolved~ 0.005 
./' u p 

743~ Dissolved lrcm 0.057 ./ lA p 

7439-92·1 Disso!l.·ed ·Lead 0.001 / u p 

7439-95-4 Dissolved Magncsiura 89.8 / p 

7439-96-.S Dissolved Manganese 0.77 v p 

744().()2.0 Dissolved Nickel -· 0.02 ~ p 

744().®.7 Dissolved Potusiura 61.5 \./"" p 

778249-2 Dissolved Selenlura 0.003 ..........-- u H 

7440-224 Dissolved Silver 0.01 {./' u p 

7440-23-.S Dissolved Sodiura 95.5 (/ p 

7440-62·2 Dissolved Vanadium 0.02 v ~ p 

7~ Dissolved ZJnc 0.072 t./ u. p 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Jne. 
Matrix (Soil/Water): __ w~at.,..er~.-__ _ 

Level (Low/Med): ---------

Sample No. _.&~.12 ... 1~38;u.l ___ _ 
Sample ID: -~H~am~·s ___ _ 

Dale Received: _ _,1~0/u25"""""/9"1~o..... __ _ 

Solids: ---~--------
Concentration Units (mg/1 or mgfkg dry weight): mgD 

· ... CASNO. ... :::::. .AHAI.Yn! . ::<:-;:::··.:·. . . :•· CDNC:moll1tA110N . :: :. ··c. .. .. ':'}:;:; .. ; (:)".: ·:.:. ·.·. .y 

'7429-90-S Aluminum ~H-1:.~ u p 

'7440-38-2 Arsenic o.cm ~ tr H 

7440-41· '7 Beryllium O.DOl t./ u p 

'7440-43-9 Cadmium O.OQS ~ u p 

7440-'70-2 Calcium 142 ~ p 
/ 

7440-47-3 Ouomium o.ot ---:7 u AI' p 

744().SG.8 ~ I o.oos .~ u , 
7439-SU lnm 0.2$1 ~ I) p 

7439-92·1 Lead 0.001 \~ ~/ p u 
7439-95-4 Magnesium 50.9 '-""" p 

7439-96-S Manpncse O,OQS '~ ID.,..tJ..~ u p 
.7 

c./ 744Gom.O N'ICkcl D.02 u p 

744()-D9;. 7 Potuslum 6.2 ~,./"""" .,...-- p • 7782-49•2 Selenium 0.003 ~ u H 

~22~ Silver 0.01 c_..,/" t1 p 

. ·~ / 
.. 

7440-23-S Sodium 7.4 p 

7440-62·2 Vanadium 0.01 ~ u F 

744()..66..6 Zinc 0.018 .._,./" u p 

Ammonium 0.10 ~ t1 AP 

Bicarbonate 638 {,../" T 

Caltlonate 0 T 

Chloride 7 ~ T 

Fluoride D.66 
............... 

ISE 

Hydrclllide 0 T . --· Nitrate/Nitrite as N o..so t1 ACR 

Sullate 30 ~ AM 

Total Phosphorus 0.16 ._/ 11 NA 

pH 7.0 
,...-

E 

Spcdfic Conductance 9.56 
.......,... 

E 

Total Dissolved Solids m ,...- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chep-Northern Inc. 
Matrix (Soil/Water): __ W-.:..~:~a.~.~~re:.~.r ___ _ 
Level (Low/Mcd): _.....;.;;.. ____ _ 
Solids: 

Sample No. ~.,12ir.jn8~2"-:----­
Sample ID: --.~Le-.::;WJ:.a.. s"-----

Datc Received: 10/25/91 

Concentration Units (mg/1 or mgfkg dry weight): mga 

. ... .. 

•·•• C:ONc:::E!NrRAnoN ... :::·c:·. .· \i:.=:.:o >· . ... 
CAS NO. ·.·· .. ·:· . . .··. ..· .. . ... .,. . .ANALYJ'B . :• • ·. . ... .... . .•... . .. 

7429-~.S Aluminum .A:r.f17-, tx"1.. :t 1·-I ........ tA p 

740-38-2 A:lcllic 0.002 ,_/' t1 H 

740-41-7 Beryllium 0.001 
,_,.., 

t1 p 

7440-43-9 Cadmium 0.005 ~ t1 p 

7440-70.2 Calcium 163 L.-- / p 

740-47-3 Oaramium 0.01 
_....... t1 / p 

744()..5().8 Copper 0.005 ~ t1 p 

7439-89-6 Iron o.pd". e ,_;.. ;.:I;:;:. t1 p 

7439-92-1 Lead 0.001 !_.../ t1 p 

7439-9.5-4 Magnesium 96.2 ~ p 

7439-96-.S Manganese 0.005 / t1 p 

7440-m-0 Nictcl 0.02 &/"' t1 F 

7440-Q9.7 Powaium 9.4 ~ v p 

7782-19-2 Selenium O.oo3 ~ t1 H 

7440-22-1 Silver 0.01 L/ t1 F 

7440-23-.S Sodium 49.8 ..,/' / p 

7440-62-2 Vanadium 0.01 t_.../ t1 F 

7~ Zinc 0.220 
_.,... p 

Ammonium 0.13 {_.,- AP 

Bicartlonate .599 ~ T 

Carbonate 0 T 

Chloride 76 L--' T 

Fluoride D.42 \....""' lSE 

Hyd"'lide 0 T 

Nitrate/Nitrite ai N .5.65 r...--- ACR 

Sulfate 220 ~ AM 

Total Phasphon~~ 0.16 t/ vt NA 

pH 6.8 '-'"""" B 

Specific Conductance l..SOO ;/ 
B 

Total Dissolved Solids 930 -- c; 

Turtlidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 
Matrix (Soil/Water): __ w.!.:..lla~te""r ___ _ 
Level (Low/Med): _....;;. ____ _ 

Soli~: --~---------

Sample No. -""'12.c.1..,.38~3~L-----­
Sample ID: ---TI~"~-~.;;.·1~6:.;,~·R.l.IFK~----

Datc Received; __ __,1~0~1".,25u.l.il.9.a.l ___ _ 

Concentration Units (mgfl or mg/kg dry weight): mgfl 

:.· .·-·· · 
CX>NaNntAi'JON :-.·: 

. . ' ·.-· ._,··.'. 0 .. :·<' . CAS NO. : ... .ANALYIB • , h . c ~ .. M .. ...... ·.·····:·· . . 

7429-~5 Aluminum 0.10 / lA p 

7440-38-2 Alscnic 0.020 
_.,.... 

H 

7440-41-7 Berytlium 0.001 v u p 

7440-4~9 Cadmium 0.626 Y"""' p 

7440-~2 Calcium 1l9 ~ - p 

7440-47-3 Ouomium 0.01 v u / p 

7440-.50-8 Copper O.OQS ,_,/ u F 

7439-89-6 Iron 0.029 ~ u p 

7439·92·1 Lead 0.001 ,/ / p 

7439-95-C Magnesium 79.8 t./ p 

7439-96-5 Manpncsc 0.078 &/' p 

7.uo.ol.O Nickel 0.04 [.../"' p 

7440--09-7 PotaSSium 1.2.3 .../ / p ...) -
7782~9-2 Selenium 0.090 v H 

7440-22-4 S'llvu 0.01 ~ u p 

v _,....... ~ ~ 7440-2J..5 Sodium 53.9 p -
7440-62-2 Vanadium 0.02 L./ / p 

7~ Zinc 2.54 ~ p 

Ammonium 0.16 t./" u AP 

Bic:artlonate 720 '-/ T 

Carbonate 0 T 

Olloride o46 t-- T 

Fluoride 4.1 ~ JSE 

Hyodroldde 0 T 

l'iitntefNitrite as N 5.20 
__., 

ACR 

SulCate 150 - AM 

Total Phosphorus 1.32 ...,/ NA 

pH 6.4 _/ E 

Specific ConduC'Ianc:c 1.430 .......-
E 

Total Dis.soMd Solid.$ &30 
__... 

0 

Tuttidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc . 
Matrix (Soil/Water): __ w~aLI.lter.~,r ___ _ 

Level (Low/Med): --=----­
Solids: 

Sample No. -~12~1~3M~~~--­
Sample ID: TW-18-RFK 

Date Received: 10/25/91 

Concentration Units (mg/1 or mg/kg dry weight): mgn 

.. .·::·o:••··· .ANI.i.m •·· :.:;:)/:/'·''·· ··• · ·. ·coNc:::eNmATION · ::::· 
; a>:::::::· .... 

. . 
CAS NO.··· .... ·c·: .:.:·:::·:·: . : 114 . 

7429-90-5 Aluminum ..JHJ'1.i,v 1d~ LA. p 

7440-38-2 Aftcnic 0.003 / H 

7440-41-7 Beryllium 0.001 v u p 

7440-43-9 Cadmium 0.005 I/""" u p 

7440-70-2 Calcium 88.5 ·/" p 

7440-47-3 Cuomium 0.01 t.,....--" u A p 

---7440-50-8 Copper 0.005 L,- u p 

7439-8~ I"'11 
c:.:.---

,.:;:r,-t,, 74· -~ p 

7439-92-1 Lead 0.001 ,_/ _ _..,./ p 

7439·95-4 Magnesium I 190 v- p 

7439-~5 Manga11ese 0.29 ~ p 

7440-Q2.{) Nickel 0.02 ~ u p 

/ • 7440-{19-7 Potassium 21.9 ,_ ....... p 

7782-49-2 Selenium 0.003 ~ u H 

7440-22-4 Sil~r 0.01 ~ u p 

7440-23-S Sodium 42.8 t_--· ~ p 

7440-62-2 Vanadium 0.01 L,../" u p 

7440-66-6 Zinc 0.010 ~ u p 

Ammonium 0.35 ...,/" u AP 

Bicarbonate ~~~~v- T 

Carbonate 0 T 

Olloride 17 ~ T 

fluoride 0.23 ~ JSE 

Hydft)xide 0 . T 

fo.iitrate/Nitrite as N 0.50 .___.....- u A CR. 

• Sulfate 60 -- AM 

Total Phosphorus 0.35 _,.., u NA 

pH 6.0 ---- B 

Spuinc Conductance 2.000 ~ B 

Total Dissolved Solids 
t: {c--· 

_1..040" I(' tlJ ,_,.... 
G 

Turbidity Not required N 
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• INORGANIC DATA ASSESSMENT SUMMARY~ 

PROJECT NO. Cfj ?- /({)/, ;2 // SITE ~t::r~ >e/A ~ 
LABORATORY &'? tfrt'/ &1 SAMPLES/MATRIX # ' •/ a~a.P­

/._J.f/fk7____:r I:ZJq87 
SOG t1 ----r1L_/-_.~_I ___ cf_. _____ !)..I 5?'2- ----7 I ;2 15/ .J 

I. HOLDING TIMES 

2. CALIBRATIONS 

4. ICS 

5. LCS 

6. O~?Ll CAiE Ar~,;LYSIS 

7. ~A7?.1X SPIKE 

8. ~SA 

10. SA~?LE VERIFICATION 

1 l. Cit-:ER QC 

12. OVE~ALL ASSESSMENT 

I -z- r 57' r;-

DATA ASSESSMENT SUMMARY ~:;i;h 
ICP AA fr ..C IDE 

0 D o 

0 0 0 

0 

0 

0 

0 

0 

'.J I ,a 
0 

0 

0 

tf (,~ 
j ( 

0 

C) 

C) 

0 

0 

>(' 

0 

fJ (;; 

c) 

0 =Data had no proble~s/or qualified due to minor problems. 
M =Data q~a1ified due to major problems. 
Z = Data ur.acceptable. 
X • Prob1e~s, but do not affect data. 

NOTES: ?( • !Jo u l?u<vlrc.c-JJ -?,6 £.; r~ 1&/ 
On 6s (?/C. 

Validated by: 4>-'-~~~~=-----~--Date:· Z- /;o /02< 
Reviewed by: -£:..~~~"'--'-~~~:e::::-___Da te: !1,/~ dfz., 

• 

• 

• 



• 

• 

soG, -~if!-~-.....,,r--~----Project No. q('S-fla/.2-(f 
Acceptable 

YES NO 

I. Holding Times ---------------------------------- ~ 
/?o /cf,;,g -L;1 q, t? c c.ez?fd/; 

2. Calibrations ----------------------------------- ~ 
ad .:;Hvtk.Jl /at6rrJ;;_ a..dl ea~,lc~---;; 
C4t·&,-a,!;;.__ &/f./It /i~ & C c-;;;_r /-// 

3. Blanks ----------------------------------------- ~ 
U & u~:. fz ~ 1 f~c{. c! .j'o-12- S ,t... & B f a....fc_ 

V t{..l LU- / 11 /.t r<. 0::--n;-alr < C-r £ ~£ I h ~ cr 

.,..-
4. lC? Interference Check Sample (ICS) ------------ ____ ____ 

h.-cl1(fc~f! ·Y:{t'~""oc>- li 2-

5. La:oratory Control Sa::iple (LCS) ---------------- __ 

V-lb \Vt \\'4 JUS' q [±;., c.-u r fL ·~u T{r r:/r:R-

7. Matrix Spike Sample Analysis ------------------- --
eK-~~,1!; - aU ~t? ~ 



SDG ti---1'-4....!:::::~~__.....~-----Project No. 9/J-//CZi} 2-// 
Acceptable 

YES NO • 
B. furnace Atomic Absorption QC ------------------- ~----

IZ11afy6c.J S:r?r k-~ s /110 f ru#-7 ~vz,f n~q£~ 
~,l'iic<..5 a c c=z?feth?e ~fJ ::Z:Vbcns.L 

9. ICP Serial Dilution ---------------------------- --
Jd:a- 4Cc_c~~6~ 

10. Sa~ple Result Verification ---------------·----- ----~----
a c c~/;C;;£ e 

11. Field Duplicates ------------------------------- ____ ____ • 
12. Overall Assessment ----------------------------- / 

Gr/-1;~ c::; /r'ke; /v'~_,;?;r/) lo k c~ //? 

• 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc . Sample No. __ .A<12::.;1~.::46::.l.7.:._ __ _ 

• Matrix (Soil/Water): _w~a~.~.~te..,r _____ _ 
Level (Low/Med): _...;;;. _____ _ 

Sample ID: Ledger C 
Date Received: --"""to~/~2~9/~9~1..._ __ 

Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mg!J 

CAS NO. ANALYm CONCBNTRAnON c 0 M 

7429-~5 Aluminum 0.07 ,..-· t.1 p 

7~38-2 Arsenic 0.002 ~ u H 

-7440-41-7 Beryllium 0.001 u p 

7440-43-9 Cadmium o.oos - u p 

7~70-2 Calcium 123 ~ p 

~7-3 Chromium O.Ql ~ u p 

~5().8 Copper 0.005 -- u p 

7439-89-6 Iron 0.025 ~ u p 

7439-92-1 Lead 0.001 --· ~ p 
.__-· 

7439-954 Magnesium 43.1 p 

7439-96-5 Manganese 0.005 ,...-- u p 

• 7440-02-0 r-;ickel 0.02 
,--- u F 

74.W-09-7 Potassium 1.7 -· p 

778249-2 Selenium 0.003 -- u H 

744~224 Silver 0.01 - u F 

744~23-5 Sodium s.s ----- p 

7440-62-2 Vanadium 0.02 --· u F 

74-W-66-6 Zinc 0.011 --· L( p 

' 
Ammonium 0.10 ~ u AP 

Bicarbonate 533 - T 

Carbonate 0 T 

Chloride 4 -· T 

Fluoride 0.2.5 r-· JSE 

Hydroxide 0 T 

1'\itrate/!'\itrite as N o.so -· u ACR 

. Sulfate 30 ~ AM 

Total Phosphorus ~:;<~JC u MA 

pH 7.1 ---- v E 

• Specilic Conductance 797 -::::::::-- E 

Total Dissolved Solids 460 --- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _\.:..;'!V_,.a...,te..,r _____ _ 

Le\'e) (Low(Med): --------­
Solids: 

Sample No. _ ___.1~.~:2<L146~8~--­

Sample 10: _E._o,...r""m....,a:-"'t~io:.:.n~C----• 
Date Received: --.:..1 0"'"/~2"'9"-/9"-lL-__ _ 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYil! CONCENTRAnON c 0 N 

74~9-90-5 Aluminum 0.06 ,...--- L( p 

7440-38-2 Arsenic: 0.002 -=---- u H 

7440-41-7 Beryllium 0.001 --- u F 

7440-43-9 Cadmium 0.005 - u p 

7440-7()..2 Calcium 164 - p 

7.1-10-47-3 Chromium 0.01 --- u p 

74-10..50-8 Copper 0.005 --- u F 

7439-89-6 Iron 0.0"..5 - u p 

7439-9~-1 Lead 0.001 --- l/ F 

7439-9~ Magnesium 44.4 --- p 

7439-96-5 Manganese 0.005 ---- u p 

7.1-1()..0~..{1 l"ickel 0.02 - u F 

7440-09-7 Potassium 1.3 - p • 778~...$9-2 Selenium 0.003 -- u H 

7J.l0.22...$ Silver O.Ql - u F 

74-10..23-5 Sodium 4.6 .- p 

7.1.:0-62-2 Vanadium 0.01 - u F 

7.l.:0-66-6 Zinc: 0.023 -- tA p 

Ammonium 0.10 -::.---- u AP 

Bicarbonate 617 -· T 

Carbonate 0 T 

Chloride 8 - T 

f1uoride 0.26 ..,...-· ISE 

Hydroxide 0 T --Nitrate/Nitrite as N • 0.50 u ACR 

Sulfate 30 --- AM 

Total Phosphorus ·I D.~~,..., u MA 

pH 1:1. -- v--- E 

Specific: Conductance 888 --- E 

Total Dissolved Solids 488 ~ 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

•• Lab Name: Chen-Northern. Inc . Sample No. _ __.lt.c2 .... 146~9----

Matrix (Soil/Water): _w~a.a.~te..,r _____ _ Sample ID: ~E...:f.u.fl.lj.lue"""nu..t ~A._ __ _ 
Level (Low/Med): _...;;;;.. _____ _ Date Received: __ 1 .... 0 ..... 1..._29._,/~2 ..... 1 __ _ 
Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

C\SNO. ·ANALYIE · CONCENI'RAnON c 0 M 

7429-9().5 Aluminum 0.08 ~ 
, l F .,. ' 

7~38-2 Arsenic 0.002 .---- u H 

7440-41-7 Beryllium 0.001 -- u F 

7440-4>9 Cadmium JMJ!f',~ F 

7~70-2 Calcium 130 ·--- p 

7440-$7-3 Chromium _..o.etf, o I _..... ~--u p 

7440-S0-8 Copper 0.007 ..----· . ,· ~ F 

7439-89-6 Iron 0.051 ---- I p 

7439-92-1 Lead 0.001 -- ~ F 

7439-95-4 Magnesium 61.4 
_..,. 

p 

7439-~5 Manganese 0.005 ...- u p 

• 74-a{)..()2~ Nickel 0.02 - u F 

7440-09-7 Potassium 7.3 - p 

7782-49-2 Selenium 0.003 --- u H 

74-l0-22-4 Silver 0.01 ,-- u F 

74-W-23-5 Sodium 105 -- p 

7440-62-2 Vanadium 0.12 ~ F . ' 

744Q-66..6 Zinc 0.025 ---- . I p 

Ammonium 0.10 -\ u AP 

Bicarbonate SSl .--- T 

Carbonate 0 T 

Chloride 159 -- T -Fluoride 0.43 ISE 

Hydroxide 0 T 

Nitrate/Nitrite as N 4.70 --· ACR 
• 

Sulfate 96 - AM 

Total Phosphorus 1.06 - MA 

pH 8.0 
,...--- l/ E 

• Specific Conductance 1.390 ----- E 

Total Dis.solved Solids 814 r-- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _w~awte~~.~r _____ _ 
Level (LowjMed): _.....;;;;;....__ _____ _ 

Solids: 

Sample No. __ l;:.c2:u.1.;;:.47:.:.0'-----· 

Sample ID: __.E~f~.~.~flw.ue~n~t_,.B'-----
Date Received: __ .. 10~~~./'-'2""'9.,1.:..91.._ __ _ 

Concentration Units (mg/1 or mg/kg dry weight): mgll 

CAS NO. ANALYIB · CX)NCENI'RA110N c 0 M 

7429-~S Aluminum 0.07 ~ 
'; F 

7440-38-2 Alsenic: 0.002 - u H 

7440-41-7 Bel')11ium 0.001 - u F 

7440-4>9 Cadmium 0.009 
.,.---· 

F 

7440-70-2 Calcium 138 c.;_-- p 

7440-47-3 Chromium 0.01 ..---- u p 

7440-50-8 Copper 0.008 -- ': F ; ' 

7439-89-6 Iron 0.~ - .- p 

7439-92-1 Lead 0.001 
....--~ _/ F 

7439-954 Magnesium 65.0 - p 

7439-~5 Manganese o.oos - u p 

7440-m..O Nickel 0.02 -- u F • 7440-09-7 Potassium 7.8 - p 

778249-2 Selenium 0.003 ----· u H 

7440-224 Silver 0.01 - u F 

7440-2>5 Sodium 113 -· p 

74-W-62-2 Vanadium 0.12 \,---- F 

7440-66-6 Zinc: 0.037 ----· . ' p ; 

Ammonium 0.10 -- u AP 

Bicarbonate 533 - T 

Carbonate 0 T 

Chloride 149 ---- T 

Fluoride 0.42 - ISE 

Hydroxide 0 T 

Nitrate/l"itrite as N 4.80 - ACR 

Sulfate 96 r--- A..\f 

Total Phosphorus 1.06 --- MA --- / pH 8.0 . E 

Specific: Conductance 1,430 -- E 

Total Dissolved Solids 788 -., 0 

Turbidity Not required N 

21 



INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Inc . Sample No. __ 1~~.~:2:A14o:.7:..~1.._ __ _ 

Matrix (Soil/Water): _w~ao~.~te""r _____ _ Sample ID: __.E ... m....,u,..e..,n.._t ...,c.__ __ _ 
Level (Low/Med): _....;;;; ______ _ Date Received: __ l..,Ow.I.=.29'"/~9;.,Al __ _ 

Solids: ---......;.~--------

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYIE OONCENTRAnON c . . . : ·o M 

7429-90-5 Aluminum 0.10 r- p 

744()..38-2 Arsenic 0.002 ---- u H 

744G-41-7 Beryllium 0.001 - u F 

7440-43-9 Cadmium 0.011 --- p 

744~7~2 Calcium 128 -- p 

744().47-3 Chromium 0.01 ,----·- u p 

744().5Q..8 Copper 0.008 -- F .. 
7439-89-6 Iron 0.040 ~ .- p '• 

7439-92-1 Lead 0.001 ~-- ~ F 

7439-9.5-$ Magnesium 60.3 -- p 

7439-96-5 Manganese o.oos ....-- u p 

• 744~2-0 Jl:ickel 0.02 ---· u p 

744~-7 Potassium 7.3 - p 

7782-49-2 Selenium 0.003 
._--

u H 

744()..22-' Silver 0.01 - u F 

744()..23-5 Sodium 104 - p 

7440-62-2 Vanadium 0.21 - F 

7440-66-6 Zinc 0.031 - I) p 

Ammonium 0.10 - u AP 

Bicarbonate 533 .--- T 

Carbonate 0 T 

Chloride 153 .,- T 

Fluoride 0.40 -- ISE 

Hydroxide 0 T 

Jl:itnne{JI:itrite as N 4..55 - ACR 

Sulrate 96 / A.\i 

Total PhosphoNS 1.08 -- MA 

• 
pH 8.0 -· / E 

Specific Conducunce 1,430 ---- E 

Total Dissolved Solids 786 -- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Matrix (Soil/Water): _w~a"'-~teo.~.r _____ _ 

Sample No. _ __,1...,.2..._14;:..7u:2._ ___ _ 

Sample ID: __,p,._o...,wn:;:.t.I,;A:J... ___ _ 

Lab Name: Chen-Northern. Inc. 

Level (Low/Med): _....;;;; ______ _ Date Received: __ IA.~~O~o~.la29~/""'9.6.1 __ _ 
Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mgD 

CAS NO. ANALYm CX>NCENI"RAnON c 0 M 

7429-~S Aluminum 0.09 -- u p 

7~38-2 Arsenic 0.002 -- u H 

7440.41-7 Beeyllium 0.001 - u F 

7440.4>9 Cadmium 0.005 - u F 

7~70.2 Calcium 88.4 ~ 
p 

7~7-3 Chromium 0.01 
_.. 

u p 

7~5()..8 Copper 0.005 -- u F 

7439-89-6 Iron 0.54 ~ tJ p 

7439-92-1 Lead 0.001 ---l/ F 

7439-95~ Magnesium 76.5 - p 

• 7439-%-5 Manganese 0.060 - p 

~ 
... -

74.40-02..0 l'ic:kel 0.02 u F 

7~7 Potassium 9.3 -- p _.,. 
7782~9-2 Selenium 0.003 u H 

7~22~ Silver 0.01 ---- u F 

7~23-5 Sodium 31.2 - p 

7440-62·2 Vanadium 0.03 --- tA F 

7440-66-6 Zinc 0.012 
._---

tA p 

Ammonium 0.12 - /) AP 

Bicarbonate 611 - T 

Carbonate 0 T 

Chloride 29 - T 

Fluoride 0.31 - ISE 

Hydroxide: 0 T 

l'itrate/Nitrite as N 1.16 --- ACR 

Sulfate: 42 ---· AM 

Total Phosphonas 0.21 ---· [,f MA 

pH 7.1 ---- ~ E 

Spc:dric Conductance 1.020 .-/' E -Total Dissolved Solids 556 G 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Inc: . Sample No. _ ___.l~.o:2 .. 1~-...:7"""3----

Matrix (Soil/Water): _w.:.:..&:~aoa.:~te""r _____ _ Sample 10: .....:D::;.:o~wn~B~-----
Level (Low/Med): _...;;..;. _____ _ Date Received: __ l&~o0""1.=.29'"'1....~:9.A.l __ _ 

Soli~: -----~----------------
Concentration Units (mg/1 or mgjkg dry weight): mg/1 

CAS NO, ANALYIE CONCENTRAnON c .o M 

7429-90-5 Aluminum 0.11 -- V{ p 

744Ge38-2 Arsenic: 0.002 ---- u H 

7440-C1-7 Beryllium 0.001 ---· u F 

744().4~9 Cadmium 0.005 - u F 

744Ge70.2 Calcium 83.7 ~ p 

744()..47-3 Chromium 0.01 ----· u p 

7440-.SO.S Copper 0.005 ·~-- II F 

7439-89-6 Iron 0.54 ~ II p 

--- ...;:r"' 7439-92-1 Lead 0.001 .,-- F u::r 
7439-95-4 Magnesium 75.0 --- p 

7439-96-5 Manganese 0.063 - p 

• 7440-02-0 Nickel 0.02 -- .. u F 

7440-09-7 Potassium 9.6 ,-- p 

7782-49-2 Selenium 0.003 
___.. .. u H 

7~22-4 Silver 0.01 - u F 

7440-23-5 Sodium 29.9 -·· p 

74-ID-62-2 Vanadium 0.03 ---- 1/ F 

7.$40.06.6 Zinc: 0.015 -- II p 

Ammonium 0.12 -- AP 

Bicarbonate 636 - T 

Carbonate 0 T 

Chloride 30 
.,.... 

T 

fluoride 0.34 --- JSE 

Hydroxide 0 T 

Nitrate/Nitrite as N 1.14 -· ACR 

Sulfate 42 ....---- AM 

Total Phosphorus 0.24 ---- fA MA 

pH 7.0 - ~ E 

• Specific: Conduc:tanc:c 1,030 ............. E 

Total Dissolved Solids 580 ......- G 

Turbidiry Not required N 
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~------------------------------------------------------------------------------------------------------~ 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _W.:.:...~.~a.Llte~r _____ _ 
Level (Low/Med): _....;.;;. ______ _ 

Solids: 

Sample No. __ 1...,2...,1~47~4:.....--'"""11· 

Sample ID: -.-~o~o~wn;:.&.l...~c-----
Date Received: ___ lt.~o0u.I.=.29"'/""'9.A.l __ _ 

Concentration Units (mgjl or mg/kg dry weight): mg/1 

ANALYIB CONCENI'R.AnON c 
.. 

0 M•· CAS NO. 

7429-90-S Aluminum 0.11 - lA p -
7440-38-2 Arsenic 0.002 .--- u H 

7440-41-7 Beryllium 0.001 
,..-- u p 

7440-43-9 Cadmium o.oos .,.-- u p 

7440-70-2 Calcium 86.2 -- p 

744()...47-3 Chromium 0.01 --- u p 

7440-S(}.S Copper o.oos ~ u F 

7439-89-6 Iron 0.59 - tl p 

7439-92-1 Lead 0.002 - v F 

7439-95-1 Magnesium 78.7 -- p 

7439-96-S Manganese 0.063 ..-- p 

7440-{)2..() Nickel 0.02 ·-- u F • 744G-00-7 Potassium 10.0 -· p 

7782-19-2 Selenium 0.003 -- u H 

7440-22-1 Silver 0.01 --- u p 

7440-23-S Sodium 31.1 - p 

7440-62·2 Vanadium 0.03 --- tl p 

744()..66..6 Zinc: 0.008 ---- u p 

Ammonium 0.43 --- lA. AP 

Bicarbonate S7S -- "· T 

Cart>onate 0 T 

Chloride 2S ---- T 

Fluoride 0.34 ~ JSE 

Hydroxide 0 T 

1'\itrate/Nitrite as N 1.14 - ACR 

Sulfate 42 
/. 

AM 

Total Ph06phorus 0.22 - /,( MA 

pH 7.0 -----· l/ E D -
Specific: Conductance 1.020 --- E 

Total Di.s.solved Solids 546 --- G 
. 

Turbidity 1'\ot required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): _w ....... a.,.te..._r _____ _ 

Level (Low/Med): ---------­
Solids: 

Sample No. _._...l-=.21L::4:..:..75"-----

Sample ID: __.u_p ... N~e~ar.__ ___ _ 
Date Received: __ l.t.~~0"'"/*'29u.IJ.9"'-l---

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYI'B CONCEN'I'RA110N c o· M 

7429-90-S Aluminum 0.09 --- /). p 

7440.38-2 AJscnic 0.002 - u H 

7440-41-7 Beryllium 0.001 - u F 

7440-4~9 Cadmium 0.005 --- u F 

7440.70-2 Calcium 84.6 --- p 

7440-47-3 Onomium 0.01 -- u p 

7440-SO.S Copper 0.005 - u F 

7439-SU Iron 0.93 ---· p 

7439-92-1 Lead 0.001 - -~ F {.) --7439-954 Magnesium 84.1 p 

7439-96-5 Manganese 0.083 ---- p 

7440-02-0 Nickel 0.02 -- u F 

7~-7 Potassium 10.4 -· p 

778249-2 Selenium 0.003 ~ u H 

7440.224 Si~r 0.01 - u F 

744o-23-5 Sodium 22.0 - p 

7440-62-2 Vanadium 0.01 - u F 

744o-66-6 Zinc 0.014 -- (j p 

Ammonium 0.13 -- u AP 

Bicarbonate 648 -- T 

Carbonate 0 T 

Chloride 15 -- T 

Fluoride 0.31 - ISE 

Hydroxide 0 T 

Nitrate/Nitrite as N 0.65 ...... ACR 

Sulfate 36 
_,. 

AM 

Total Phosphorus 0.13 --- tA MA 

pH 6.8 -· l/ E p-
SpeciCic Conductance 990 ...--- E 

Total Disso~d Solids 546 --- G 

Turbidity Nor J'a!UiRd N 
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INORGANIC ANALYSIS DATA SHEET 

Matrix (Soil/Water): _\\..:..:..~;'a~te=.~r--. ____ _ 
Level (Low/Med): _....;;;;; ______ _ 

Sample No. __ 1:~.~:21L14;:.7~6i-.. ___ _ 

Sample ID: Up Middle 
Date Received:_.,..._.l~0.:.=:/~29""'/'-9-1 __ _ 

Lab Name: Chen-Northern. Inc. 

Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYIB ·c:oNCENrRATION c 0 M 

7429-9M Aluminum 0.11 .....,_..-·· tA p 

7440-38-2 A!Knic 0.002 --- u H 

7440-t1-7 Bc!')ilium 0.001 - u F 

7440-43-9 Cadmium 0.005 ... - u p 

7440-70-2 Calcium 79.8 
,.--· p 

7440-17-3 Chromium 0.01 --- u p 

74-10-50-8 Copper 0.005 -- u F 

743~9-6 Iron 0.47 - II p 

7439-92-1 Lead 0.001 ~-v F 

7439-95-a Magnesium 78.4 ..--- p 

7439-96-S Manganese: 0.062 - p 

744()..{J2.{) l'lickel 0.02 - u F • 7440-09-7 Potassium 9.9 - p 

7782-'9-2 Selenium 0.003 ---- u H 

74-10-22-' Silver 0.01 -- u F 

74-ID-23-S Sodium 21.2 ---- p 

74-10-62-2 Vanadium 0.01 --· I) F 

74-10-66-6 Zinc 0.010 .--- u p 

Ammonium 0.37 --- rJ AP 

Bicarbonate 611 - T 

Carbonate: 0 T 

Chloride: 15 ~ T 

Fluoride: 0.31 --- ISE 

Hydroxide: 0 T 

• Nitrate/Nitrite: as N 0.74 // 
ACR 

Sulfate: 30 ~ AM 

Total Phosphorus 0.13 --- u MA 

pH 7.1 ,....- ~ E 

Specific Conductance: 950 ----- E 

Total Dissol~d Solids 498 - G 

Turbidity r.:ot required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _W:..:...ea.!.ilte~::~.r _____ _ 

Level (Low/Med): ---------­
Solids: 

Sample No. __ lo!l.l!2~o~~.14::.77'-'----

SampleiD: __ u~p~F~a~r ________ _ 
Date Received: ___ :A:ll0""/-=2"'9/'-'9""1----

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYTE · CONCBNI'RA.nON c Q M 

7429-90-S Aluminum 0.07 
~· lA p 

7~38-2 Arsenic: 0.002 
,- u H 

7440-41-7 Beryllium 0.001 - u p 

7~>9 Cadmium 0.005 - u p 

7~70-2 Calcium 77.6 - p 

7440-47-3 Chromium -· 0.01 _,--· u p 

7440-50-8 Copper 0.005 -- u F 

7~39-89-6 Iron 0.43 ,.....-- u p 

7~39-92-1 Lead 0.001 ~· - v F u:r 
7439-9~ Magnesium 1S.S - p 

7~39-96-S Manganese 0.058 - p 

7-440-02-0 Nickel 0.02 ~ u F 

744()..{)9. 7 Potassium 9.3 -· p 

7782-'9·2 Selenium 0.003 --- u H 

7440-:U-l Sil\'Cr 0.01 --- u F 

7440-23-S Sodium 20.7 ~·-· p 

7~2-2 Vanadium 0.01 ---· /,{ F 

7~ Zinc: 0.009 ----- t( p 

Ammonium 0.10 -- u. AP 

Bicarbonate 617 - T 

Carbonate 0 T 

Chloride 13 --·· T 

Fluoride 0.31 - JSE 

Hydroxide 0 T 

Nitrate/Nitrite u N 0.73 
,..,..--

ACR 

Sulfate 36 - AM 

Total Phosphorus 0.10 / u. MA 

pH 7.1 -· / B p -
Specific: Condurtanc:c 933 ~ B 

Total Dissolved Solids 502 .--- 0 
. 

Turbidity Not required N 

28 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. _ __.1l..lt:2~14~7~8 ____ _ 

Matrix (Soil/Water): _W.:..:..aa.it.llte;,~,r _____ _ Sample ID: -..~P~ot.Qc._ ____ _ 
Level (Low /Med): _...;;;;. ______ _ Date Received: __ l.u0~.~,/..,2941/~9;..~.,1 __ _ 
Solids: 

Concentration Units (mg/1 or mgfkg dry weight): mgO 

CAS NO. ANALYIE CONCENI1tATION c 0 M 

7429-90-5 Aluminum 0.08 -- 1A p 

7440-38-2 .AJsenic: 0.002 -- u H 

7440-41-7 Beryllium 0.001 
.-- u p 

7440-4~9 Cadmium 0.005 -- u p 

744~7~2 Calcium 116 ---~·. 
p 

744~7-3 Chromium 0.01 - u p 

744~5(}.8 Copper 0.005 ---- u p 

7439-SU Iron 8..34 --- p 

7439-92-1 Lead 0.001.- ;r' F 

7439-95-4 ~1agnesium 133 - p 

• 7439-96-5 Manganese 0.298 ..--· p 

7440-02:{1 l'id:el 0.02 - u F 

744().{)9-7 Potassium 14.1 - p 

778:!-19-:! Sc:lenium 
~ •C'C.::., 

.~ ~;:S~e,;:- :;;...-- u H 

7~:!2-4 Silver 0.01 
..,.-- u F 

7~23-5 Sodium 34.2 - p 

744{1..62-2 Vanadium 0.02 -- lA p 

7440-66-6 Zinc: 0.009 
_., 

~ p 

Ammonium 0.60 -·· /1( AP 

Bicarbonate 496 -- T 

Carbonate 0 T 

Chloride 14 - T 

Fluoride 0.38 --- ISE 

Hydroxide 0 T 

Nitrate/Nitrite as N 0..50 ---- u ACR 

Sulfate 30 ,.---· AM 

Total Phosphorus 037 _,....-· u MA 

pH 6.0 .---~f- E 

Specific: Conduc:tanc:e 1.510 
_.....--

E 

Total Dissolved Solids 812 -- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoU/Water): _w..:..:..liawte~r _____ _ 

Level (Low/Med): -~-----­
Solids: 

Sample- No. __ l~oe2""'1;;:;,47~9:....-__ _ 

Sample 10: TW-32-REK 
Date Received: 10/29/21 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYI'B · CONc::ENTRAnON c .,o M --- tA. 7429-90-S Total Aluminum 2.9 p 

7440-38-2 Total Alsenic 0.002 -- u H 

7440-41-7 Total Beryllium 0.001 -- u F 

7440-4~9 Total Cadmium 0.005 -- u F 

7440-70-2 Total Calcium 129 ---··· p 

7440-'7-3 Total Chromium 0.04 - p 

1440-S0-8 Total Copper 0.007 w F 

7439-89-6 Total Iron 2.2 r--- p 

7439-92-1 Total Lead 0.003 --- ./ F 
-,; 

7439-95-' Total Magnesium 49.0 -- p 

7439-96-S Total Manganese 0.08.5 ,--- p 

7440-02..0 Total ~ickel 0.02 - u F 

7440-09-7 Total Potassium 8.3 - p 

_JJ.fJI:f!" I OC ~ ./ 
...... 

i1S:!-'9-2 Total Selenium u H 

7440-22-' Total Silver O.Dl .---· u F 

1440-~S Total Sodium 89.3 ..,.. ... p 

7440-62-2 Total Vanadium 4.69 -- F . ' 
744().66..6 Total Zinc 0.008 -- u p 

Ammonium 5.7 -- AP 

Bicarbonate 987 - T 

Carbonate 0 T 

Chloride 108 --- T 

Fluoride 0.15 --- JSE 

Hydroxide 0 T 

Nitrate/Nilrite as N 7.00 ...-- ACR 

Sulfate 108 ---· AM 

Total Phosphorus 1.06 --- MA 

pH 7.1 --· L/ E 

Specific Conductance 1.150 -·- E 

Total Dissolved Solids 676 - 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Sample No. __ 1...,2..:.14-.7:...:9~---. Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): -~.:..:;\~'awte,...r _____ _ 

Level (Low/Med): --=------­
Solids: 

Sample ID: IW-32-BFK 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYm CONCENTRATION c 0 M 

7429-~5 Dissolved Aluminum 0.10 
..._____ tl p 

7440-38-2 Dissolved Arsenic: 0.004 - H -7~1-7 Dissolved Ber')11ium 0.0(11 u F 

7~3-9 Dissolved Cadmium 0.005 - u F 

7440-70-2 Dissolved Calcium 128 ,- p 

7440-47-3 Dissolved Chromium 0.02 ..,- p 

7440-50-8 Dissolved Copper 0.005 --- u F 

7439-89~ Dissolved Iron 0.032 
,..,..- u p 

7439-92-1 Dissoh;~:d Lead 0.001 - u F 

7439-95-4 Dissolved Magnesium 48.5 
,- p 

7439-96-5 Dissolved Manganese 0.007 .,.,- tA p 

7440-02-o Dissolved l"ickel 0.02 
,.-- u F 

7440-{)9. 7 Dissol~-ed Potas.sium 7.0 - p 

778~-49·::! Dissoh.-ed Selenium ~. 0C7 "2.--.- u H 

7440-2:!-4 DissoJ..-ed Silver O.Ql - u F 

7440-2>5 Dissoh.-ed Sodium 93.4 - p 

7~0-6:!·2 Dissolved Vanadium 5.52 --r F 

7440-M-6 Dissolved Zinc: 0.008 
~- u p 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _w..:.:..Jia~te:.~,r _____ _ 
Level·(Low/~fed): --==~-----­
Solids: 

Sample No. _--:1...,2..,;;148~0~---

Sample ID: TW-36-REK 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): mgQ 

CAS NO. ANALYI'B CX>Nc:eNmATION c :.':'.':0 M 

7429-90-5 Aluminum 0.10 --- u p 

744~38-2 Arsenic: 0.002 - u H 

7440-41-7 Bctyllium 0.001 - u F 

7440-43-9 Cadmium 0.056 ..--- F --744~7~2 Calcium 104 p 

744()..47-3 Chromium 0.01 - p 

744~5~ Copper 0.007 u. F 

7439-BU Iron 0.069 - 11 p 

7439·92-1 Lead 0.002 -- [7 F 

7439-95-4 Magnesium 87.1 --· p 

7439-~5 Manganese 0.005 --- u p 

7~2-o Sickel 0.03 ~ F 

744{).09-7 Potassium 15.5 - p 

7782-49·2 Selenium ~cc2-- u H 

744~22-4 Silver 0.01 -·· u F 

7~23-5 Sodium 177 -- p 

7440-62-2 Vanadium 0.05 .-- u F 

7~ Zinc: 0.441 - p 

Ammonium 0.10 - u AP 

Bicarbonate 424 - T 

Carbonate 0 T 

Chloride 342 ~ T 

Fluoride 5.00 - ISE 

Hydroxide 0 T 

Kitrate/Nitrile as N 3.95 ---- ACR . 
Sulfate 78 

,.,---. 
AM 

Total Phosphorus 0.40 ...-- 11 MA 

pH 6.8 --- ~ E 

Specific: Conductance 1,830 ,...-- E 

Total Dissolved Solids 964 --- 0 

Turbidity Sot required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. _ ___.1~2..~.:148~1 ___ _ • Matrix (Soil/Water): _w~a!.i:te:.~.r _____ _ 
Level (Low/Med): _.....;;;; ______ _ 

Sample ID: EB Beaker 
Date Received:--'=-=1::.:;0~/2~9=:.:./~9-1 __ _ 

Solids: ___ .....;;;;;.,_ _______ _ 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYIB CDNc::eNTRAnON c 0 M 

7429-90-5 Aluminum 0.06 ---- p 

7440-38-2 Alsenic: 0.002 --- u H 

7440-41-7 Beryllium 0.001 ---- u p 

7440-4>9 Cadmium 0.005 - u p 

7440-~2 Calcium o.s - u p 

7440-47-3 Chromium 0.01 - u p 

W0-50-8 Copper 0.005 ---· u F 

7439-8U Iron 0.060 ,.,..-- p 

7439-92-1 Lead 0.002 -- ~ F 

7439-95-4 Magnesium o.s -- u p 

7439-96-5 Manganese 0.005 - u p 

7440-02..0 Nickel 0.02 --· u F • 744()..()9-7 Potassium 0.4 -- u p 

77'82-49-2 Selenium ~-Doz..- u H 

7440-:U-4 Silver 0.01 --- u F 

7440-2>5 Sodium 0.04 _.. u p 

7440-62-2 Vanadium 0.02 - F 

7440-66-6 Zinc: 0.008 -- u p 

Ammonium 0.10 -- u AP 

Bic:arbonate 0.4 --- u T 

Carbonate 0 T 

Chloride 0.10 -,--. u T 

F1uoride >«1. 0 1-"'" ,-- u ISE 

Hydropdc 0 T 

Nitrate/Nitrile as N 0.50 -- u ACR 

Sulrate 1 --- u AM 

Total PhosphoNS ,tO~~,....- u MA 

pH 6.0 - ~ E 

Spec:i!ic: Conduc:tanc:e 11 --- E 

Total Dissolved Solids 10 ,.,.- u 0 

Turbidity Not required N 
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INORGA.Jt\'lC ANALYSIS DATA SHEET 

•• Lab Name: Chen-Northern. Inc, Sample No, _ __..1....,2~o~~,;148=.=2--. __ _ 

Matrix (Soil/Water): _w~at"""'e"-r -----
Level (Low/Med): _.....;;;;.. _____ _ 

Sample ID: ......:E~B~Fi"::'!tt.l:le~r ----
Date Received: __ lo~;,~Ou.l.=29"'/""'9:.6,1 __ _ 

Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

.· ANALYIB · CONc:ENI"RAnON 
.·•· 

CAS NO. c Q .. _·.=.> M 

7429-90-S Aluminum 0,07 -- p 

7440-38-2 Arsenic 0.002 --- u H 

7440-41-7 Beryllium 0.001 -- u F 

7440-43-9 Cadmium o.oos c.-- u F 

7440-70-2 Calcium 0.5 --- u p 

7440-47-3 Chromium 0.01 u p 

7440-5(}.8 Copper 0.005 -----· u F 

7439-89-6 Iron 0,025 --- u p 

7439-92-1 Lead 0.002 .:-- ~ F 

7439-95-4 MagnQium 0.5 - u p 

• 7439-96-5 Manganese O.OOS .-- u p 

7440-02-0 Nic:kel 0.02 --· u F 

744~7 Potassium 0.4 - u p 

77S2-49-2 Selenium ~ooz...- u H 

7440-22-4 Silver 0.01 c..---· u F 

7440-23-5 Sodium 0.04 --- u p 

'7440:02-2 Vanadium 0.04 
c.----· 

F 

7440-66-6 Zinc 0.008 - u p 

Ammonium Analysis DOl requested AP 

Bicarbonate Analysis not requested T 

Carbonate Analysis not requested T 

Chloride Analysis not requested T 

Fluoride Analysis not requested ISE 

Hydroxide Analysis not requested T 

Nitnste/Nitrite as N Analysis Dot requested ACR 

Sulrate Analysis not requested AM 

Total Phosphol'\ls Analysis not requested MA 

• pH Analysis not requested E 

Specific Conductance Analysis not requested E 

Total DissOMd Solids Analysis not requested 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): _\\~'...ll!a....:te..,r _____ _ 
Level (LowfMed): _....;;.;; ______ _ 
Solids: 

Sample No. _ __.1~.::2o:.,;148~3---- • 

Sample ID: ~TW~-;.,4,11~-~R~FK~---
Date Received: __ l .... O""t ..... 29"'/'"'9;,.t,l __ _ 

Concentration Units (mg/1 or mg/kg dry weight): rnga 

CAS NO. ANALYIB CXlNCP.NillAnON c 0 M 

7429-90-5 Aluminum 0.12 u p 

7440-38-2 Alscnic: 0.002 -- u H 

7440-41-7 Beryllium 0.001 .--- u F 

7440-43-9 Cadmium 0.005 ..--- u p 

7440-7~2 Calcium 173 - p 

744()..47.3 Chromium 0.01 - u p 

7~50-8 Copper 0.005 --·· u F 

7439-89~ Iron 0.075 --- ll p 

7439-92-1 Lead 0.001 - ./ F u ::r 
7439-95-4 Magnesium 69.7 -- p 

7439-96-5 Manganese 0.008 -- 1l p 

7440-02-0 Nickel 0.02 - u F • 74-ID-09-7 Potassium 7.2 ---- p 

i782-49·2 Selenium ~cc'l--"'""" u H 

7440-22-4 Silver 0.01 --- u F 

7~2.3-5 Sodium 145 '---· p 

7~2·2 Vanadium 0.02 ~ lA F 

7440-66-6 Zinc: 0.013 - u p 

Ammonium 0.10 -- u AP 
t/) 

Bicarbonate 496 ,.,.--. T 

Carbonate 0 T 

Chloride 183 
._.....--

T 

Fluoride 0.21 
,---

ISE 

Hydroxide 0 T 

Nitrate/Nitrite as N 5.45 ·- ACR 

Sulrate 320 -· AM 

Total Phosphorus 0.11 -- u MA 

pH 6.9 --- V' E ~ 
Specific: Conductance 1,870 ,.--

E 

Total Dissolved Solids 1.152 ,..--· G 

Turbidity Not requested N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc . 

Matrix (Soil/Water): _W:.:...Iilao~.~teo..~,r _____ _ 

Le\'el (Low/Med): --------­
Solids: 

Sample No. _ _...1...,2..:.1484=. ----

Sample ID: IW-20-RFK 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): rng/1 

CAS NO. ANALYI'B (X)NCE'n"RAnON c 0 M 

7429-90-S Aluminum 0.10 --- u p 

7~38-2 Arsenic 0.002 - u H 

7440-41-7 Beryllium 0.001 
,..--- u p 

7440-4:>9 Cadmium 0.019 
,..--

F 

7440-70-2 Caldum 184 - p -7440-47-3 Chromium 0.01 u p 

7440-50-8 Copper 0.007 ---- c,t F 

7439-89~ Iron 0.13 - u p 

7439-92-1 Lead 0.003 - v p 

-7439-954 Magnesium 106 p 

7439-96-5 Manganese 0.005 -- u p 

7~2.() l"id:c:l 0.02 -· p 

7440-09-7 Potassium 30.8 ~- p 

7782-49-2 Selenium 0.011 ~ H 

7440-22-4 Sil~-c:r 0.01 - u F 

7440-2>5 Sodium 91.9 ---· p 

7440-62-2 Vanadium 0.02 ...-- w F 

7440-66-6 Zinc 0.268 -:- - p 

Ammonium 0.10 ,..- u AP 

Bicarbonate 394 ~- T 

Carbonate: 0 T 

Chloride 176 - T 

Fluoride: ,,9~ ,.-- ISE 

Hydroxide: 0 T 

l"itratc/Nitrite as N 7.55 r---- ACR 

Sulfate soo --- AM 

Total Phosphorus 0.40 -:----- u MA 

pH 6.9 .-- ~ E ::::r 
Specific Conductance 1,990 - E 

Total Dissolved Solids 1,298 ~ 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. _ __.1...,2,.,;14S~R""5 ____ • 

Sample ID: TW-40-RFK Matrix (Soil/Water): _W~a.ute""'r _____ _ 
Level (Low/Med): _.....;;;; ______ _ Date Received: 10/29/91 
Solids: 

Concentration Units (mg/1 or mgjkg dry weight): mgD 

CAS NO. · ANALYIB CONc::ENI'RAnON c 0 M 

7429-9()..5 Total Aluminum 0.51 --- _/)_ p 

7440-38-2 TotalArscnie 0.002 ----- H 

7440-41-7 Total Beryllium 0.002 - F 

7440-43-9 Total Cadmium 7.07 ..----· F 

7440-70.2 Total Calcium 375 --- p 

7440-47-3 Total Chromium 0.02 r--· p 

7440-5~ Total Copper 0.012 - lA F 

7439-89-6 Total Iron 0.74 - lA p 

7439-92-1 Total Lead 0.002 - [-/ F u 
7439-95-t Total ~fagnesium 170 --- p 

7439-~5 Total ~fanganese 1.04 - p 

7440-02-0 Total 1-:ic:kcl 0.15 . - F • 74-W-09-7 Total Potassium 86.5 --- p 

7782...;9-2 Total Selenium 0.290 -· H 

7440-22...; Total Sil,-cr 0.01 --- u F 

7440-23-5 Total Sodium 210 - p 

7~0-62-2 Total Vanadium 0.06 -- u F 

7~ Total Zinc: 11.6 -· p 

Ammonium 0.21 - u AP 

Bicarbonate 327 r-· T 

Carbonate 0 T 

Chloride 679---- T 

fluoride /.'69~ --- JSE 

Hydroxide 0 T 

Jl.:itnste/:'\itrite as N 35.2 ---- ACR 

Sulfate 680 ~ AM 

Total Phosphorus 1.68 - MA 

pH 6.5 --- ~ E J --
Specific: Conduc:tanc:e 3.940 ~ E 

Total Dissolved Solids 2.668 --- a 
Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _W~a.uteo.~,r _____ _ 

Level (Low/Med): --------­
Solids: 

Sample No. _ ........ 1~~..:2~.~~.148~5:..-__ _ 

Sample ID: TIY-40-BFJ( 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): mgn 

CAS NO. .ANALY'I'B CONCENI'RAnON c Q M 

7429-90-5 Dissolved Aluminum 0.30 r- u p 

7440-38-2 Dissolved Arsenic 0.002 - H 

7440-41-7 Dissolved Beryllium 0.001 ,..---- u F 

7440-4>9 Dissolved Cadmium 5.95 ,-- F -7~~70-2 Dissolved Calcium 372 p 

7~0-47-3 Dissok-ed Chromium 0.01 --- u p 

7.;.w..so.a Dissolved Copper o.cm -- /) F 

7439-89-6 Dissok-ed Iron 0.030 .,.,.-- 11 p 

7439-92-1 Dissolved Lead 0.001 - u F -7439-95-4 Dissol\-ed Magnesium 184 p 

7439-96-5 Dissol\-ed ~tangancse 0.982 -- p 

74-W-OM Dissok-ed Nickel 0.13 - F 

7440-09-7 Dissolved Potassium 95 ,... ... p 

778::!-49-2 Dissol\-ed Selenium 0.289 -· H 

7.1-l~22-4 Dissolved Silver 0.01 --- u F 

7.1-l~2>5 Dissok-ed Sodium 216 -~ p 

7.$.J0.62-2 Dissol\-ed Vanadium 0.08 ...--·- t). F 

744().66..6 Dissolved Zinc 9.30 
.--· p 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): _w~a.l.llte~r _____ _ 

Level (Low/Med): --------­
Solids: 

Sample No. __ 1~2:..~..1486~~---· 

Sample ID: TW-42-BFK 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYm CONc::ENI"RAnON c .. _ .. ·::o'o M 

7429-9(}.5 Total Aluminum 0.37 ,_----- lA p 

7440-38-2 Total Ancnie 0.011 ~ H . 
7440e41-7 Total Beryllium 0.001 ---- u F 

744().43-9 Total Cadmium 0.112 ~- p 

7440-70-2 Total Caleium 190 - p 

7440-47-3 Total Chromium O.Ql - u p 

7440-50-8 Total Copper 0.005 - tl F 

7439-89..6 Total Iron 0.40 --- u p 

7439-92-1 Total Lead 0.002 --- ~ F u 
7439-95-4 Total Magnesium 106 -- p 

7439-96-S Total Manganese 0.041 -- t;{ p 

7440-Q2-0 Total l'\iekel 0.02 - f • 7440-09-7 Total Potassium 40.8 - p 

7182-49-2 Total Selenium 0.098 -- H 

7440-22-4 Total Silver 0.01 ,----- u f 

7440-23-S Total Sodium 126 - p 

7~2-2 Total Vanadium 0.03 --- f.,{ f 

744{)..66..6 Total Zine 0.448 -· p 

Ammonium 0.10 -· u AP 

Bicarbonate 508 - T 

Carbonate 0 T 

Chloride 229 - T 

fluoride 4.4 ~-
JSE 

Hydroxide 0 T 

Jl:itrate/Nitrite as N 12.2 - ACR 

SulCate 320 .......--- AM 

Total Phosphorus 3.72 --- MA 

pH 6.8 --- ~ E 7 
Speeifk Conduetanee 2.070 -- E -· Total DissoMd Solids 1,280 G. 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soii(Water): _W.-...aa~te..,_r _____ _ 

Level (Low/Med): --------­
Solids: 

Sample No. __ 1..,..21t.;;486~---

Sample 10: TIY-42-BEK 
Date Received: 10/29/91 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. .ANALY113 . CONCPRJ'R.AnON c 0 M 

1429-90-S Dissolved Aluminum 0.12 ,-- lA p 

74:0-38-2 Dissolved Arsenic: 0.009 ~ H 

7440-41~7 Dissolved Beryllium 0.001 ---- 1J p 

7440-4~9 Dissolved Cadmium 0.079 ~ p 

74-W-70-2 Dissolved Calcium 186 -- p 

7~~7-3 Dissolved Chromium 0,01 --- 1J p 

74-W-S0-8 Dissolved Copper 0.005 - 1J p 

7439-89-6 Dissolved Iron 0.031 -- /) p 

7439-92-1 Dissolved Lead 0.001 - 1J p 

7439-95-4 Dissolved Magnesium 100 - p 

7439-9fr5 Dissolved Manganese 0.030 - II p 

744()...{)::!~ Dissolved Sickel 0.02 ....--- p 

744()..{)9. 7 Dissolved Potassium 41 -- p 

7782-$9-2 Dissolved Selenium 0.090 --· H 

74-W-22-4 Dissolved Silver 0.01 - 1J p 

74-W-~S Dissolved Sodium 110 / p 

7440-62-2 Dissolved Vanadium 0.05 ..-- t( p 

744Q-66.6 Dissolved Zinc: 0.31 p 

.. 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. __ 1 .... 2.,..1...;:;48,..7.._ ___ • 

Matrix (Soil/Water): _W.:.:..~:;~a,u,te::.~.r _____ _ 

Level (LowjMed): -~-----­
Solids: 

Sample ID: :--"FB-=-·06-~R~FK~----
Date Received: _.....,.1~0"'"/,...29""/"'9.!1.1 __ _ 

Concentration Units (mg/1 or mg/kg dry weight): mg/1 

CAS NO. ANALYI'B CONc;:m.rrRATION c 0 N 

7429-90-S Aluminum o.os --- p 

7440-38-2 Azsenie 0.002 - u H 

7440-41-7 Beryllium 0.001 ·--- u p 

7440-4~9 Cadmium 0.005 r-- u p 

7440-~2 Calcium o.s --- u p 

7~7-3 Chromium 0.01 -- u p 

7440-50-8 Copper 0.005 ,--- u F 

7439-89-6 Iron 0.025 ~ u p 

7439-92-1 Lead 0.001 ~ ~ F 

7439-95-4 Magnesium o.s -- u p 

7439-96-5 Manganese 0.005 -- u p 

74-10-02..0 Jl.:iekel 0.02 - u F 

7~-7 Potassium 0.4 - u p 

7782-49-2 Selenium 0.003 - u H 

7440-22-4 Silver 0.01 - u F 

7440-23-5 Sodium 0.09 -- p 

7~2-2 Vanadium 0.01 ,...- F 

7~ Zine 0.013 

__ .. 
p 

Ammonium 0.10 -'--"'• .u AP 

Bicarbonate 0.4 ~ u T 

Carbonate 0 T 

Chloride 0.10 ....--- u T 

Fluoride 0.10 -- u ISE 

Hydroxide 0 T 

Jl\itrate/Nitrite as N o.so ~ u ACR 

Sulfate- 1 --- u AM 

Total Phosphorus 0.10 --- u MA 

pH 5.4 - ~ E 

Specifie Conduetanee 12 ---- E 

Total Dissolved Solids 11 - 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Inc. Sample No. _--..;l:,1..,_21~5:..~.:12!!.-__ _ 

Matrix (SoilfWater ): ....:.W:..~a;~.~.tll.ier.__ ____ _ 
Level (Low/Med): _...;;;;;.. _____ _ 

Sample ID: TIY-43-CCY 
Date Receive~d-: ---t...:l~O;;l/3:..0~/~9 ... 1 "-----

Solids: 

Concentration Units (mg/1 or mgfkg dry weight): --"ml.lig..,DL----

CAS NO. ANAI.Ym CDN~noN c 0 M 

7429·90-5 Total Aluminum 36.6 - p 

7440.38-2 Total AJscnic: 0..30 - H 

7440-41-7 Total Beryllium 0.003 - p 

7440-43-9 Total Cadmium 11.2 -~ p 

7~70-2 Total Calcium 580 ............. - p 

7440-47-3 Total Chromium 0.57 - p 

7440-50-8 Total Copper 0.18 ~ p -7439-89-6 Total Iron 32.9 p 

7439-92-1 Total Lead 0.164 ~- v F 

7439-95-$ Total Magnesium 137 - p 

7439-96-5 Total Manganese 1.69 -- p 

• 744().{)2-0 Total !1\ic:kel 0.59 ~ p 

744()..{)9. 7 Total Potassium 132 - p 

7782-$9-2 Total Selenium 0.96 -- H 

7440-12-$ Total Silver 0.03 ---- t( p 

7440-23-5 Total Sodium 268 - p 

7440-62-2 Total Vanadium 1.40 --- p 

744().66..6 Total Zinc: 32.6 p 

Ammonium 0.34 
,.- tl AP 

Bic:albonate 339 c- T 

Catbonate 0 T 

Chloride 571 - T 

Fluoride 11 - ISE 

Hydroxide 0 T 

Niuate/!'liitrite as N 26.0 -· ACR 

SulCate 700 _...-- AM 

Total Phosphorus 2.12 ~ MA 

pH 6.6 --· ~ E 

• Specific Conductance 3.540 ~ E 

Total Ois.solved Solids 2.330 
~-

G 

Tumidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. _ __,1,...2~15~1.:.2 ____ • 

Sample ID: TW-43-CCX Matrix (Soil/Water): _W~a.l.ilte.:..r _____ _ 
Level (Low/Med): _......;;..; ______ _ Date Received: 10/30/91 
Solids: 

Concentration Units (mg/1 or mg/kg dry weight): mgD 

CAS NO. ANALYm CX>NCENTRAnON c 0 M 

74:!9-90-S Dil.soM:d Aluminum 0.15 ~· t) p 

74-ID-38-2 Dil.soM:d Arsenic 0.010 
,.-----

H 

7440-41-7 Dil.soM:d Beryllium 0.001 - - u F 

7440-4>.9 Dil.soM:d Cadmium 8.00 .----I p 

74-ID-70-2 Dissolved Calcium 360 - p 

7440-47-3 DissoM:d Chromium 0.01 - u p 

7440-S0-8 Dil.soM:d Copper o.oos - u F 

7439-89-6 Dil.soM:d Iron O.OlS - w p 

7439-92-1 DissoM:d Lead 0.001 - u F 

7439-95~ Dissolved Magnesium 143 -- p 

7439-~S Dissolved Manganese 1.33 - p 

7440-JJ2-0 DissoM:d 1-lickel 0.14 -· F 

7440-00-7 Dissolved Potassium 124 - p 

7782-49-2 Dissolved Selenium CJ.Zl-~~ H 

7440-22-4 Dissolved Silver 0.01 ......-- u F 

1~23-5 DissoM:d Sodium 275 -- p 

7440-62-2 Dissol.,.ed Vanadium 0.17 ---- w F 

7440-66-6 Dil.sol~ocd Zinc 14.1 -- p 

• 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): --"W..,a..,t .... er.__ ____ _ 

Level (Low/Med): -------­
Solids: 

Sample No. -.......:1t.=2~15.:..~1"""3----

Sample ID: -~K.=.elu,:ly~A~--­
Date Received: _ _.1...,0 ... 130"""'/.._9 .. 1 ----

Concentration Units (mg/1 or mg/kg dry weight): -m~g,j.j/1.._ __ 

CAS NO. 
... 

ANALYIE CX>NCENTRA110N I C "···o .. M 

7429-~5 Aluminum 0.08 ---- /A F 

7440-38-2 Arsenic 0.002 -- u H 

7440-41-7 Beryllium 0.001 -- u F 

7440-4>9 Cadmium 0.005 - u F 

7440-70-2 Calcium 114 - p 

7440-47-3 Chromium 0.01 -- u p 

7440-50-8 Copper 0.005 - u F 

7439-8~ Iron 0.028 ~ w p 

7439-92-1 Lead 0.001 - ./ F ~.1 

7439-95-4 Magnesium 51.0 - p 

7439-96-5 Manganese 0.005 -· u p 

7440-02..0 Nickel 0.02 ,--· u F 

7440-09-7 Potassium 4.0 ..--- p 

778249-2 Selenium -~oo-z- u H 

7440-224 Silver 0.01 - u F 

7440-2>5 Sodium 20..5 ---· p 

7440-62-2 Vanadium 0.03 tl F 

744()...6(Hi Zinc: 0.014 .. i( p 

Ammonium 0.10 --- u AP 

Bicarbonate 484 ...-- T 

Carbonate 0 ' T 

Chloride 46 --- T 

Fluoride 0.29 -- ISE 

Hydroxide 0 T 

• Nitratc:/l':itrite as N 1.10 ~ ACR 

Sulfate 36 --- AM 

Total Phosphorus 0.10 --- u MA 

pH 7.9 -- ~ E 

Specific Conductance &S4 ....--- E 

Total Dissolved Solids . 522 --- 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): .....:W..:..a"""t""'er:..-____ _ 

Sample No. __ l~o:2..,.15""'1!.;l4:_ ___ • 

Sample ID: _ __.,K...,e...,llv.:....=B ___ _ 
Level (Low/Med): _...;;.... _____ _ Date Received: __ 1...,0"'/""30~/""'9.1 ___ _ 
Solids: 

Concentration Units (mg/1 or mgjkg dry weight): _um.t.igi.L./lL.-__ 

CAS NO. ANALYIB • ·. CX>Nc::eNTRAnON c 0 M 

7429-90-S Aluminum 0.06 ---·· lA p 

7~38-2 Arsenic 0.002 ....--- u H 

7440-41-7 Beryllium 0.001 ...-- u p 

7~~9 Cadmium o.oos --- u F 

7440-7().2 Calcium 114 -- p 

7~7-3 Chromium 0.01 -- u p 

1440-S0-8 Copper o.oos - u F 

7439-89-6 Iron 0.028 ,...... " p 

7439-92-1 Lead 0.001 - v F u::r 
7439-9.54 Magnesium 49.9 - p 

7439-96-S Manganese o.oos ..... --. u p 

7440-02-0 Nickel 0.02 ---- u F • 7440-09-7 Potassium 4.2 - p 

7782-49-2 Selenium ,Jl.983"' l C)C l-!_....... - u H 

7440-22-4 Silver 0.01 - u F 

1440-~S Sodium 20.8 - p 

7440-62·2 Vanadium 0.02 - tl F 

74-10-66-6 Zinc 0.014 -- t/ p 

Ammonium 0.10 -· u AP 

Bicarbonate 484 -- T 

Carbonate 0 T 

Chloride ss .,- T 

Fluoride 0.30 -- JSE 

Hydroxide 0 T 

Nitrate/Nitrite as N 1.09 - ACR 

Sulfate 42 ~ AM 

Total Phosphorus 0.10 - u MA 

pH 7.9 .---- v E 

Specific Conductance 814 --- E 

Total Dissolved Solids 500 ~ 0 

Turbidity Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soii/W ater ): -.:.~~'a~a.~t~.~<e.&..r -----­
Level (Low/Med): ---------­
Solids: 

Sample No. _ __..1~2~15""'1""5 ___ _ 

Sample ID: ~__...T\V,:,:,;-4~11!.;-.I.liR.t..EK.I.ll-__ _ 
Date Received: __ 1~0~,~,/""30wl:...oi9:..~.1 ___ _ 

Concentration Units (mgfl or mgfkg dry weight): _m._gof,,D:..---

CAS NO. ANALYll! ·coNCI?NI'RAnON :c 0 M 

7429-~S Aluminum 0.21----· tA p 

7440-38-2 Arsenic 0.012 -- H 

7440-41-7 Beryllium 0.001 - tJ F 

7440-43-9 Cadmium o.oos - tJ F 

7440-~2 Calcium 148 - p 

7440-47-3 Chromium 0,0] --· tJ p 

7440-50-8 Copper 0.008 - tl F 

7439-89-6 Iron 0.16 - u p 

7439-9:!-1 Lead 0.001 -· ~ F u:r 
7439-95-4 Magnesium 84.6 -- p 

7439-96-5 Manganese 0.418 ........ p 

7440-02-0 Nickel 0.02 - tJ F 

7440-09-7 Potassium 41 -- p 

7782-49-2 Selenium 0.105 .::--
H 

74-W-22-4 Silver 0.01 
.,..----

tJ F 

7440-23-5 Sodium 96.8 - p 

7440-62-2 Vanadium 0.03 - t( F 

744(}..66.6 Zinc 0.019 - t( p 

Ammonium 0.10 ~ tJ AP 

Bicarbonate 545 -- T 

Carbonate 0 T 

Chloride 139 ,.,- T 

Fluoride 4.80 -- ISE 

Hydroxide 0 T 

Nitrate/Nitrite as N 11.0 --- ACR 

Sulfate 234 -~- AM 

Total Phosphorus 2.20 .,.,- MA 

pH " 6.6 ,.,.,-- ~ E 

Specific Conductance 1,730 -- E 

Total Dissolved Solids 1,052 --- G 

Turbidiry Not required N 
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INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): ......:.W.:..~ali.l.t.:.:.er~,.... ____ _ 

Level (Low/Med): -~-----­
Solids: 

Sample No. _-.~~1A:.21,...5::.:8R..:..._ __ _ 

Sample ID: __ E .. B...,S~[>QCO~on~,~,._ ___ • 
Date Received: _ .... l&.o~l""/¥;011.,j,/"""9 ... 1 ___ _ 

Concentration Units (mg/1 or mg/kg dry weight): _.m ... g~/1.__ __ 

CAS NO. ANALYll! CONCENTRAnON c ' 0 M 

7429-90-5 Aluminum 0.06 
....____ .. 

p 

7~38-2 Arsenic: 0.002 - u H 

7440-41-7 Beryllium 0.001 --- u p 

7440-4>9 Cadmium 0.005 - u p 

7~70-2 Calcium 0..5 - u p 

7440-47-3 Chromium 0.01 - u p 

7~50-8 Copper 0.005 - u F 

7439-89.6 Iron O.O".S -- u p 

7439-92-1 Lead 0.003 - / F 

7439-95-t Magnesium 0..5 -·· u p 

7439-96-5 Manganese 0.005 -· u p 

7~2-0 f'ic:kel 0.02 -· u F 

7~-7 Potassium 0.4 - u p • 7782-49-2 Selenium ~&:~CIJ,.../"' u H 

7~22-4 Silver 0.01 ~- u F 

7~23-5 Sodium 0.04 - u p 

7~2·2 Vanadium 0.02 --- F 

744(}.66..6 Zinc: 0.012 -- p 

Ammonium 0.10 ~- u AP 

Bicarbonate 0.4 ~- u T 

Carbonate 0 T 

Chloride 0.10 - u T 

F1uoride ,()~ )):"~(' 

---- u JSE 

Hydroxide 0 T 

Nitrate/Nitrite as N 0..50 ---- u ACR 

Sulfate 1 .-:---- u AM 

Total Phosphorus 0.10 - u MA 

pH s..s ~- / E 

Specific: Conductance 10 -- u E 

Total Dissolved Solids .~S'""----u 0 

Turbidity Not required N 
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APPENDIXS 

AITACHMENT 2 

RADIOCHEMICAL DATA ASSESSMENT SUMMARIES- WATER SAMPLES 



•• 

• 

• 

RADIOCHEMICAL DATA ASSESSMENT SUMMARY ~ 

PROJECT No. 9 I ?:r .. /1 0/. :Z I I SITE IJ11tz1 sz~lo 
LABORATORY II L !2. SAMPLES/~TRIX . PJ/tf;:= 

ft:~· &r~~ E#~~ 
SDG #I _Cf~6tJ.~2~0~-J:::::,h~l ___ $~,~;, ~/ 

~@s, ~f/;-:;'"2.L JW-%> 

l. HOLDING TIMES 

2. CA~ I B~t.. i I Ot~S 

3. 8' ~··v' ~"""''' .. .., 

~- LCS 

5. DJ?LIC:..TE At~.:..L YSl S 

E. ~~!.:~~:X S?lKE 

i . S!..~·~~~£ \'£~H· I CA i 1 ON 

E. c-··- ... .~:.:-. o: 
9. c·;£i=.!.~L ASSESS~£t~T 

DATA ASSESSMENT SUMMARY;f"~,;~~ t!!/$-,;-;V~ 
7W-/'/7JV ... ~ 7tv-¥~ 

ALPHA L.B. GAM A FLUOR. 7Zf/-~2-
SCINT. SCINT. SPE • ~~ 

() 0 Q 
0 Q 0 

0 0 C';/ 
b. 

C) 0 0 

0 Q 0 

~/A tJ In _!$1_ 
0 0 0 

~u. 
I .4!t- __!JL 

0 0 0 
0 =Data ha: no prob1e~s/or qua1ified due to minor prob1erns. 
~ = Data qua1ified due to major prob1ems. 
Z = D1ta una:ce~tab1e. 
X • Prcb1e=s, but do not affect data. 

t!Si~S: Ajdt,~ r~~~/ ~#k 



Accu-Labs Research, Inc . 

• 
ANALYSIS REPOR'l' 

DATE: 01/27/92 PAGE 3 
Lab Job Number 8734-40420-21 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 8734·40420·21 ·9 873lo•40420·21·10 8734·40420·21·11 8734·40420·21·12 
Sponsor Designation • UP-NEAR UP-MIDDLE UP· FAR 1?:f~l Date Col teeted • 10£25£91 10£25!91 10£25£91 10£25£91 

Determinations in pCi/L unless noted 

Gress Alpha • total 6 t 5 • 6 t 5 • 0 t 4 • 0 t 1 • 
Ra:~urn-226 • total 0.0 t 0.3 • u -0.2 t 0.3 • u 0.1 t 0.4 •LA -o. 1 t o.3 • Ll 
Ra:ium·228 - total 0.0 t 0.6 ·u. -0.1 t 0.6 • lA 0.3 t 0.6 *I.A. 0.3 t 0.6 ·~ 
Ra::~·222 • total 51 t 39 • 0 t 37 • t.\ 19 t 39 ·~ 62t4tl• 
Ura!":il.lll • tctal 

(mg/L) <0.002 <0.002 <0.002 <0.002 

• 

40420-12 • 



Accu-Labs Research, Inc . 

• ANALYSIS REPORT 
DATE: Ol/27/92 PAGE 4 

Lab Job Number 8734-40420-21 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Collected • 

Determinations in pCi/L unless noted 

G~:ss Alpha • dissolved 
G~:ss Alpha • total 
Ra::um-226 • dissolved 
Ra::um-226 • total 
Ra::um-22! • d:ssolved 

Ra::um-22! • tctal 
~a::~-222 • tetat 
~~~~ium • diss:lved 

(mg/L) 
l.i~a~il.l!l • tctal 

Cm;/L) 

• 

• 
.!..:.:020-12 

8734·40420·21·13 8734·40420·21·14 
TIJ·32·RFK TIJ·36·RFIC 
10/26/91 10/26/91 

D ~ 6 • 
4 t 7. 

0.2 t 0.3 ~)1/;! c.< 
2 t 8 * 

0.1 t o.3 • LA 0.1 t 0.3 *lA 
0.2 t 0.8 ~L(. 

0.5 t 0. 7 • ·0.3 t 0.5 • u 
420 ~ 50 • 96 t 37 • 

<0.002 

0.004 <0.002 

8734·40420·21·15 8734·40420·21·16 
EB·BEAKER EB·FILTER 
10/26/91 10/27/91 

1 t 1 • 2 * 1 • 

0.0 t 0.4 * lA ·0.2 ~ 0.4 • (.,\ 

0.3 t 0.5 *l) 0.6 t 0.5 • 
·20 t 33 ~ 

<0.002 <0.002 



Accu-Labs Research, Inc . 

ANALYSIS REPOR'l' 
DATE: 0~/27/92 PAGE 5 

Lab Job Number 8734-40420-2~ 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Collected • 

Determinations in pCi/L unless noted 

~r:ss Alpha • dissolved 
~~:ss Alpha • total 
Ra::um-226 • dissolved 
Re::um-226 • total 
Re::um-228 • dissolved 

Re:'um·22B • total 
Ra::~-222 • total 
~~a~ium • dissolved 

(m;/L) 

(rr.;/l) 

401.20-12 

8734·40420·21·17 
TW·11·RFK 
10/27/91 

6 t 10 • 

0.2 t 0.3 • L.l 

0.2 t 0.5 • u 
790 t so • 

<0.002 

8734·40420·21·18 
TW·20·RFK 
10G7/91 

3 t 9 • 

-o., :1: o.3 ·u 

0.3 t 0.6 • u 
40 t 30 • 

0.003 

8734·40420·21·19 
TW·40·RFK 
10/27/91 

·3 t 15 • 
..s/'t 18 • 
0.7 t 0.3 •!..<.. 
D. 1 t 0.3 • U 
0.5 z 0.7. 

0.5 :t 0.5 • 
160 :t 30 • 

0.002 

0.009 

• 
8734·40420· 21· 20 
TW•42·RFK 
10/27/91 

2 t 10 • 
1 t 9 • 

0.8 t 0.3 • lA_ 

0.2 t 0.3 • u 
0.0 t 0.8. u.... 

0.2 t 0.6 • LA 
120 t 30 • 

<O.o:z 

<0.002 • 

• 



• 
Accu-Labs Research, Inc . 

A N A L Y S I S R E P 0 R T 
DATE: 01/27/92 PAGE 6 

Lab Job Number 8734-40420-21 

These sa~les to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation -
Date .Cotteeted • 

~eterminations in pCi/L unless noted 

Gress Alpha • total 
Radi~~·226 • total 
Ra:l~~·22B • tctal 
Ra::~·222 • t;tal 

8734·40420·21·21 
FB·06·RFIC 
10/27(91 

0 t 1 • 

-o. 1 t o.5 * LA 
·0.1 t 0.5 • u 

U:-a:-:i:.n~ • teal 21 '30~ #'f ;/7 Z-
<0.002 ~,./ Cr.:;/L) 

• V:Jriabi l ity cf the ra:lioactive disinteeraticn process (counting error) at the 95% ecnfiden:e level, 1.96a. 

• ··JS, 'x \ 
Ey: -=- V· t. · c==;;L.; \~ 

.;., Bud Sur.J:'lers 
Radiochenistry Supervisor 

• 

• 
L;Q420-12 



RADIOCHEMICAL DATA ASSESSMENT SUMMARY 

q I 3-1/C I " 2// SITE /J1b?5anlo PROJECT NO. 

LASOR;.TORY A L R. sAMPLES/MATRIX ·tuc~ 
/#l ... .;lJ>, ZW-.29. TW- <(. 

:v -*;} -'=' 
SDG II _-~.4...:::0;...;::.2;;;....:....'1...;:...r;,_-_;,(::, ____ -:~~' FJ$7~~ /W .. -s-t.f 

DATA ASSESSMENT SUMMARY 

ALPHA LB. GAMMA 
SCINT. SCINT. SPEC. 

l. HOLD!t1G TIMES 0 p 

2. CALI S?.;.:r IONS ~ c;::;. 

3. ~· , •'I' C: ..,._~lt•\.W D ~ 

4. LCS D (::, 

5. DUPLIC;.TE AN;.LYS!S 0 () 

6. 1-:!..ir.!X SP!KE N(fl N/A 

7. S~~~LE VERIFICATION e::;, 0 

e. c- ... R Q'" I r.:. I 'ltw f..) lA N/: 
·A 

9. CVE~~~L ASSESSME~T D 0 

0 • Ca~a r.a: no proble~s/or Qualified due to minor problems. 
M • Data qualified due to major problems. 
Z • Data ur.acceptab1e. 
X • Pr:~l:~s. but do not affect data. 

NDiES: 

FLUOR. 

G 

D 

E, 

(':) 

Q 

r% 
t) 

1-.j( 
~1 

0 

-------------------------------------------------------

• 

• 

• 



Project No. '1 !3 -;/o /, ;;_o I 

•• Acceptable 
YES NO 

2. Calibrations ----------------------·-------·---- ~ · 

v-uA~Z'it~ fl:: -P:f: -&,g -:;z;r 
t-<- c,( - ___:"' [c_ w (- __!::L_ (\ ,~ '- t':! 

3. E1anks ----------------------------------------- ~ 

I 

-tlv b I rt~ 1 fr r2t s ~t f Is Zt ·I f<,,, 'it " &L1 A ( ~ [,;.. t'"> • 

• 4. la::ra!ory Control Standard -----------------·-- ~ 
(~1 U-,6./ 0~,,/r 

c~ \ Cr· - 1 --:: t ~'"?. 72 

5. D~~1icate Ai.alysis ··--------------···---------- ~ 
/""L- c c -;a "'b? t? /?.;1-t'{, (2c c·~ IlL 

6. Matrix Spike Analysis -------------------------- ---

7. Sa~~le Results Verification-------------------- { 

• \ ~ t/1 f,C: 0 S a~pf£ /Zc_s,.,.//'> . cjcQ. -r ,;:1 ,s c. c·e.fa...;_ 
> 



Project No. q / 3 -II~ ( r-/?/1 
Acceptable 

YES NO 

B. Other QC --------------------------------------­ --

9. field Duplicates ------------------------------­ --

l 0. 0\'E!"a1 1 Assessment ------------------ ----;·-----~ 
I n:_ c: u.£<J, ft /9 R.-n. r > foe<- ~ k..i:.r 

• 

• 

• 



~----
j Accu-Labs Research, Inc. 

4663 Table Mountain Drive 

.03) 277-9514 
Golden. Colorado 80403·1650 

FAX (303)277·9512 

] 
ANALYSIS 

DATE: 12/17/91 
REPORT 

PAGE 1 

l 
DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40296-6 
Date Samples Received: 10/21/91 
CUstomer PO Number: PROJECT #913-1101 

.. -
] These samples to be disposed of 30 days after the date of this report. 

1 
Determinations 

.. 
J Gross Alpha • total 

Radi~·226 - total 
Radium·22B • total 
Radcn·222 • total 
Uranil.::'l • total 

(:::;/L) 

• 
Gross Alpha • total 
Radium-226 • total 
Radium·228 - total 
Radon-222 • total 
Uranium - total 

Cm;/L) 

ALR Designation -
Sponsor Designation -
Date Collected-
in pCi/L unless £:ted 

!)')( f3iaA 

/.2 
;,q 

/• t) 

/tr. "?-
---

ALR Desis~~tion -
Sponsor Designation • 
Date Collected· 

8734-40296-6-1 
T\1·28-RFK 
10/17/91 

4 t 6 • 

-0.4 t 0.6 * '-i 
-0.1 t 0.6 * t.\ 
280 t 40 • 

0.002 

8734-40296·6·5 
FB·03·RFK 
10{17/91 

Ot1*lA 
·0.2 t o.s • u 
0.3 t 0.5 • u 

51 t 32 * 

0.002 

8734-40296-6·2 
T\1·29·RFK 
10!17/91 

-2 t 5 • 
o.o t 0.6 • u 

·0.1 t 0.5 • u 
330 t 40 • 

<0.002 

5734·40296·6·6 
TIJ·34·RFIC 
10/17/91 

4 t 6. 

-0.2 t 0.6 • u 
0.5 t 0.6 • '-' 
86 t 33 • 

<0.002 

8734·40296-6·3 8734-40296·6·4 
Tlo/·9-RFIC ~~-...... ··oo:··t 

. ·: T\1·.21-RF!....D 
10!17/91 ""'"TO!T7/91 

1t9*1,A 1 t 10 • (..\ 
·0.5 t 0.6 • u ·0.3 t 0.5 • l.& 
0.1 t 0.6 • u . 0.0 t 0.6 • (...{ 

18 t 33 ;11:!1! 120 t 30'* 

<0.002 <0.002 

• Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.9~. 

By: __ ~B-u~~~S~u-rnrn-~-e~~~~=:~~~~~~~------------­
Radiochemistry Supervisor 

• 40296-12 



. ·. RADIOCHEMICAL DATA ASSESSMENT SUMMARY 

PROJECT NO. 

LABORATORY 

9 t S-1 ( 0 I-;&/ f snr 1v1rn1saa Ia 
A L R SAMPLES/MATRIX t.Va .kr 

41~ ll, 4:4 ~ /Jt;?,, 7kJ -'4/( 
SOG # -4~0 ..... 44~...;;;;;?__---=s-~ ___ z.~&~ .. ¥3 

DATA ASSESSMENT SUMMARY 

r_ ALPHA L.B. FLUOR. 
SCINT. SCINT. . 

l. HOLDWG TIMES 0 0 0 

2. CAL!:: . .:.. T I Ot~S 0 c \ 0 

3. c, ,. •.• , ... () ~ )M'~ Q ... -""'·'·"~ 
4. LCS 0 0 0 

5. OUPLl c:..iE A~~:..L YS! S 0 0 I Q 

5. ~~:..1r.:x SPIKE c~LA. 1--l/C! =r= "-lB 
7. s:..~=~E VERIFICATION 0 Q I 0 

e. -• •. I c-···· Q'" 
i ··~·· ... 

N(/-1 'i./f J ,.fp 

9. OV~R~~l ASSESS~E~T Q 0 I 0 
I 

0 • Data had no proble~s/or qualified due to minor problems. 
P. = Da~a qualified due to major problems. 
Z = Data unacceptable. 
X .. Prot,le::-:s, but do not affect data. 

r·--s ' .... : :. : 

• 

Validated by: JG ..• 
Re\·iewec by: ~~ ~~ .. ;;;· 

Date: 'L/Jb-z,..--­
Date: .z/?-~2. 

• 

• 

• 



SDG II --~~· c:?;.....'.:...· ./..:...r,~2_-_.S_--____ ,Proj ect No. q /3- { ( 0 { , :2 f ( 
Acceptab1 e 

YES NO 

1. Holding Times ---------------------------------- ~ 

~ Q (J, .;') -f,·,""- a c.c,. A.f.._b f.e 

2. Calibrations ---·-----------------------···----- ~ 

\ '< v- ;£~---a stcf ~J C/J&.~~cy , "'' f' 'Tc, d, 

3. E1anks ----------------------------------------- ~ 

J ; 

'(! '' .,Cc:R '-h .. Ju4 (<ss U~.r_ S:¥' flu !::la.'l,fc. 

,. 4. la!::ra~ory Cor.tro1 Standard -------------------- __ ....,-_· 

5. D~~1icate Analysis ----------------------------- ~ 
a_.c.C-Gafc:(_£·t Jkc;,,(('5 c-c.d f!;tJD 

6. Matrix Spike Analysis -------------------------- ---

7. Sa~~le Results Verification -------------------- ~ 

• , ·r-, ,£...,'"rte0 
0 



SOG tl --~~2?~~~~.._/_-__..S~-----Project No. q /3- f ( 0 I .111 
Acceptable 

YES NO 

B. Other OC --------------------------------------­ --
N/A-

• 

9. Field Duplicates ------------------------------- ____ ____ 

JO. O~era11 Assessrn~nt -----------------------------

I I 

s 

• 

• 

• 



~----~ 
Accu-Labs Research, Inc. 

llllJ:: Table Mountain DrivP Golden. Colorado 80403·1650 

~~ 277-9514 FAX 13031277-9512 

A N A L Y S I S 
DATE: 01/08/92 

REPORT 
PAGE 1 

KATHY SMIT 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40442-5 
Date Samples Received: 10/30/91 
customer PO Number: PROJ# 913-1101 

i~ese samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Collected • 

Detenninations in pCi/L unless noted 
liY RlaiAk 

C~~ss Alpha • total 
~a:i~·226 • total 
r.a:ium·228 • total 
~a:on-222 • total 
:.:~ani~r.: • total 

c~;JL> ---

• ALR Desi;~~tion • 
Sponsor Desi;nation • 
Date Collected· 

:~oss Alpha • dissolved 
:~oss Alpha • total 
~a:ium-226 • dissolved 
~a:ium·226 • total 
~a:ium·228 • dissolved 

~a:ium-228 • total 
~a:on·222 • tctal 
".:~anium - dissolved 

(mg/L) 

:..:~anium - total 
(mg/L) 

8734·40442·5·1 
KELLY A 
10/28/91 

5 : 4 • 

o.o : 0.2 * ""' 
0.7 :t 0.6 * 
22: 27 ~ 

<0.002 

S734·40~l.2·5·5 

Tll·l.3·CCY 
10/28/91 

10 :t 15 • 

970 : 170 • 
1.3 : 0.3 • 

21 :t 1 • 
1.0 : 0.6 • 

2.6: 1.1 * 
Sl. : 31 • 

<0.002 

0.030 

8734·40«2·5·2 
KELLY B 
10/28/91 

3 : 4 • 
0.1 t 0.2 •"-' 

0.4: 0.5~ 
22 : 28 • 

<0.002 

8734·40442·5·3 8734·40442·5·4 
P11·3·RFio:·R TII·41•RFK 
10/29/91 10/29/91 

11 : 8 • 
c.o t 0.2 •(..I 

0.1 t 0.8 • ~ 
270 : 30 • 300 : 30 • 

<0.002 

• Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.96a. 

Q \· ~ 
By: ~\.\/}. _!...:. ---~ 

----~B~u-d~~s-u_mrn __ e_r_s __________ ~~------------- ' 

• Radiochemistry Supervisor 

3Sfe~.\ 



.. 
RADIOCHEMICAL DATA ASSESSMENT SUMMARY 

PROJECT NO. q 1:)- II D I .2 /I SITE /t4{'ll;Z(2n-L 
LABORATORY A L F- SAMPLES/MATRIX ..;::~~~--

' 
~->L?<(t!'2<f ; 

SDG # _4~0Lf........L.,.;;:~:....:4r......-_...l ____ -------

DATA ASSESSMENT SU~~RY 

l. HOLDI~G TIMES 

2. CALIERATJONS 

4. LCS 

5. OJPLICATE ANALYSIS 

E. ~~7~:X SPIKE 

9. CVE~~LL ASSESS~ENT 

ALPHA 
SCINT. 

0 

0 

0 

0 

D 

0 

LB. 
SCINT. 

0 
G~ie _FL_:_OR_.-

7 '? ~ 
6 

0 

0 ----J.'~-
6 I 
~~ FF }JI~ 

j 

D 

__$t_ I____.__ 
o I_..__ 

' 
C = Ca:a na: no prc:le~s/or qualified due to rr.inor problems. 
M • Cata qualified due to major problems. 
Z = Data u:.acceptable. 
X c Frctle~s, but do not affect data. 

N:it:S: ---------------------------------------------

Date: Z,(tt Aiv 
Date: Z /2 ,.jt; 2-

• 

• 

• 



.. , 
soG , _C(.._0_4_..;;..(oc.f....;....__-..;._..( ___ Project No. Cf { 3-[(~ ( , l/1 

·~. 

• 
Acceptable 

YES NO 

,( 
S. Other QC ----------------------------··--------- ____ ____ 

9. Field Duplicates ------------------------------- ____ ____ 

f.J !.r~ 
( 

!0. Overall Assessment ----------------------------- ~ --
i2::::&,'l1 ( 'r fie (3Wc_; 

• 

• 



~----
Accu-Labs Research, Inc. 
'\663 Table Mountain Drive Golden, Colorado 80403·1650 
303) 277-9514 FAX (303) 277·9512 

ANALYSIS 
DATE: 12/18/91 

REPORT 
PAGE 1 

KATHY SMIT 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40464-1 
Date Samples Received: 10/31/91 
customer PO Number: PROJ# 913-1101 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Cell eetecl • 

Determinations in pCi/L unless noted 
5"){ 61awl< 

Gress Alpha • total 
Ra::um-226 • total 
Ra:ium·22S • total 
l:rani1.111 • total 

Cm;/L) 

8734·40464·1·1 

EB·SPOON 
10/29/91 

9 s 2 • 
0.2 s 0.2 • l)...... 

·0.6 s 0.6 • tA 

<0.002 

• Variability of the radioactive disintegration precess (counting error) at the 9SX confidence level, 1.96a • 

By: ---=~Lj6;__\._~-~.' c1::::;r;;:::.........____:_ _ __.:: __ ::::: __ :>~-­
Bud summers 
Radiochemistry Supervisor 

ES/dh JL.-

40464-12 

• 

• 

• 

• 



• 

• 

• 

RADIOCHEMICAL DATA ASSESSMENT SUMMARY ~ 

c; 13- ;;or .zJ 1 snE '6u0.,'!'/tf PRO.JECT NO . 

LASOR;.TORY f) /_/2._ SAMPLES/MATRIX . ~ 
, 

7l<J ~t:t; rw "'12;, -, w~ .r;: 
SDG t1 _4....,:0~3 ...... ')J..,;,s-::::,_-_...;..& _____ Ltu,y.r; 7..W'7"~; 'rw ... ?~ 

DATA ASSESSMENT SUMMARY 

l. HQLDING TIMES 

Z. C~LIER~TlONS 

4. LCS 

E. ~::~:x S?lKE 

7. S~~=LE VERIFICATION 

9. C~~~:~L ASSESSMENT 

ALPHA 
SCINT. 

0 

D 
0 

0 

0 

N/n 
{) 

L.B. 
SCINT. 

() 

;J/n 
2 

b 

GAMMA 
SPEC. 

( 

I 
I 

± 
0 = Ca~a ha~ no proble~s/or qualified due to minor problems. 
M = Ca~a qualified due to major problems. 
Z = Data u~a:ce~table. 
X c Frc~1e~s. but do not affect data. 

N:iES: 

FLUOR. 

0 

0 

b 

0 
0 

--------------------------------------------

Date: a./rh-z-
r ' 

Date: ;?/z //f ?= 



SDG I 40 3s$""" -6 Project No. q/3 -flU(.., 2// 

Acceptable 
YES NO 

l. Holding Times ·········----------------------··· ~ 
prc.sr v~,\,~5. u~&.. ' ho u-,,.,...1 ~ (~ ac.c ... ~ofcJ,~ 

- 0 4 

t?vr1a LyJ Wr -f!a ,;, ?ar«'lJfr 

I 

3. Blanks ----------------------------------------- ~ 
!fee:, l 1c,_l; b-r <:.a·"' ;J ;{. r-c 9..-< !/;_ ,;,n· /£ tl " 

7 

C u rt ( ~ { r. / z. J c--~7- Vc<- ( t..<.(. (-<:. c £ t:L.n $JC 

4. la!:::-a~;,ry Control Standard -------------------- 1 < 
U{( fu t s .lrJ/ tul (fi' (/:z /) C: ( ~-~14 ;lj od 

5. D:.:~1 ica:e Analysis -------------------------··-- --~-

c1-- C cc,Q Ia b. ft. a"-cf pv7' /£ r~" :; ,? 0 ?(l 

c4 !2? {) 
IJ • 

6. Matrix Spike Analysis --------------------·-··-- __ _ 

/~ /'-

7. Sa~~1e Results Verification ··-····-·-······--·· 

"J~;., (,c.:; ,~..... ±rc., 'sc .;,,~(-il f:,.12..R.r~S 

y 
l 

• 

• 

• 



.. 

• 

• 

• 

SDG II __ 1l...,..;0~3-""3_.C_-~~---Project No. 9/)-//0 /. ;z_/ f 
Acceptable 

YES NO 

S. Other QC ·----··-·--------------------·--·-----­ --

9. field Duplicates ·······-···--·----------------- --.. N/;r 

lO. C~era11 Assess~ent ···················-·-··-···- --

L I'< 



~----
Accu-Labs Research, Inc. 
1663 Table Mountain Drive Golden. Colorado 80403·1650 
C303l 277·9514 FAX (303) 277·9512 

ANALYSIS REPORT 
PAGE 1 

DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

DATE: 12/18/91 

Lab Job Number: 8734-40335-6 
Date Samples Received: 10/23/91 
customer PO Number: PROJ# 913-1101 

These samples to be disposed of 30 days after the date of this report. 

AlR Designation -
Sponsor Designation • 
Date Collected· 

Oeterminaticns in p:i/L unless noted 
S"X' Bt.,,.k 

Gress Alpha • total !• 3 

8734-40335·6·1 
T~·39·RFK 

10/21/91 

·1t11•U 

8734·40335·6·2 
T~·12·RFI:: 

10/21/91 

9 :t 14 * 

8734·40335·6-3 
T~·35·RFIC 

10/21/91 

8734·40335·6·4 
T~·45·RFK 

10/21 (91 

3 t 5 * 

• 

Re:i~·226 • total tJ •. ;::l... 
Re:i~·,28 • total 1-CJ 
Ra::~·222 • total t>,z 

o.o t 0.3 * tA 

0.0 :t 0.5 ·u. 
99 :t 25 * 

0.0 :t 0.2 *lA 

-0.3 :t 0.4 *L...l 

2.:.0 :t 30 • 

-5 t 11 * 
0.1 :t 0.2 *\,A 

0.1 :t 0.6 • CA 

290 :t 30 • 

-0.1 t 0.2 • u. 
0.1 t 0.5 * L\ 
59 :t 24 • 

Ura~.i1.."11 - total 
Cm;/L) --- <0.002 <0.002 0.004 <0.002 

ALR Designation - 8734·40335·6-5 8734·40335·6·6 
Sponsor Designation • T~·10·RFIC T~·37·RFK 

Date Colleeted- 10/21/91 10/21/91 

Gr~ss Alpha - total 4 t 6 * 3 :t 8 * 

Radil.lll-226 • total o.o t 0.4 -~ 0.2 :t 0.3 • 
Radi~·22B • total 1.3 :t 0.6. 0.2 :t 0.6 ·~ 
Rad:~·222 • total 540 :t 30 * 680 :t 40 * 
llra:-1h:n • total 

(mg(L) <0.002 <0.002 

• Variability of the radioactive disintegration process (countin; error) at the 95% confidence level, 1.96u. 

By:~_Q-=--=--• ~~b-1-=--\i-_:::::::>~-
Bud summers 
Radiochemistry Supervisor 

4C335-12 

'?ltt;ja4, 
P-t;fzt!rt 

• 

• 



. 

• 

• 

• 

PROJECT NO . 

lABORATORY SAMPLES/MATRIX . ---Y" 

ZW-*2; #IJ7!'JI; TW -z.<, 
10308-9 SDG #I -:/W-13; -rw,.z~ 13 7W-tr 

~ TW- ?'7':' F.g-a'-( 
DATA ASSESSMENT SU~~RY 

ALPHA L.B. GAMMA 
SCINT. SCINT. 

w ]. HOLDING TIMES 0 0 

2. CAL!SR.t..T IONS 0 o. 

3. 5!-~~;Ks ~ 0 -k 4. LCS 0 Q 

5. D~FLIC.t..7E A~~LYSlS Q c) I \ 
5. r.;..7?.!X S?lKE ,...J I~ ~I rL a I • 

7. S~~~~E VERIFICATION 6 Q I \ 
e. o- .. -- Q"" ~It~ ~/tJ R i:-::.t< .. . 
9. OVER~Ll ASSESS~ENT 0 ri 

0 = Oa~a had no prob1e~s/o·. qualified due to tr.inor problems. 
M • Da!a qualified due to: ajor problems. 
Z • Data una:ceptable. 
X • Prc~1 err:s, but do not a· :ect data. 

NDiES: -------

FLUOR. 

0 

6 

0 

0 

0 

N(A 

0 

rJ /11 
I . 

Q 

Va1 icated by: "'"'-"~=-+.........:..~-._,..._ ______ Date: Z. (~z {'jz... 

Reviewed by: ........::.:;,;......::::~~~~~~~::::a..---Oate: ..z.;Z.th 2-



SDG # _4w-:6;;_,)..::,._C8.::=:;.· _-_7 ___ Project No. v{( ~-j/tJ(. 2/( 
Acceptable 
Y~ NO 

l. Holding Times ---------------------------------- __ _ 

h:~!Jo.;c-, t:/J-u czcc~z?trh•k ~~/L sc~<?kr 
/. > ~ 

l-1/'r 1~ ,;, (; (fi/ce7,/h 

~ 
2. Calibrations -----------------------------------
r'~/j ·; fr;, 1 slcf a, ~L blcat /Cs -C':----~-:<:....-

3. B1ar.ks -----------------------------------------
flt?tl ( -b I or fj ·~/ rf 

0 

4. latcra!ory Control Standard -------------------- ___ '---____ 

( { >: Cv' //c '' LM< 1-d- {c--~~ -;,-/{ c;j" 

5. D;.;;:ii:a~e A:1alysis ----------------------------- t.--

1/t,-·,.(,t:,) L< s/11/s <fr,(/ a-;/j f/, lc~, .. ,:·/r 
I 

(Zc ?tt I Is Cc c C·cc-"/a-(:fc 

6. Matrix Spike Analysis --------------------------

!---' /1 

7. Sa~;1e Results Verification --------------------

7t St.-f f Is L/-:,/; (;d -,..; 1!/o =ht< f?Kjc;_r, 
I' 7 ,., ,-., 
t;: I ... .i..::.Ci 4--. 

---

• 

• 

• 



soG ,_q_0_3_o_6_C]_-_3____,; ___ Projec:t No. q/1-[Jo/, 211 

• Acceptable 
YES NO 

S. Other OC -------------------------····----------
,!~~ • --
I' 

9. field Duplicates ·····-------------------------- ____ _ 
m 7 . I 1 /J - - _L_ 
le c. c{,_,./ Fr e: u ;?10-u f:crc S£ d'l d 4. ~~~ 
rt/ f< P.D ( ~ ; 1- ;# @uz, 6"9' .CU._, ' 

lD. 0~£ra11 Assess~ent ---··---··-----·-···--------- --

-/C-,2,.!1 

• 

~. 



fA ___ ____ 
Accu-Labs Research, Inc. 
i663 Table Mounlain Dri\·e 

(303)277·9514 
Golden. Colorado 80403-1650 

FAX C303) 277·9512 

A N A L Y S I S 
DATE: 01/16/92 

REPORT 
PAGE 1 

• 
DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40308-9 
Date Samples Received: 10/22/91 
Customer PO Number: PROJECT #913-1101 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Colleeted • 

De:erminations in pCi/L unless noted 
s ;< f?.lt: .... '<. 

Cress Alpha • diss!)lved ~- 8' 
Cress Alpha • total 
Radium·226 • cissolved 
Radi~·226 • total 
Radium·228 • dissolved 

Radi~228 • total 
Rad:n-222 • t:tal 
Uranium • dissolved 

Cm;/L) 
Uranhrn • total 

(rn;/L) 

1- I 

;:::z.z 

ALR Desi;nation • 
Sponsor Designation • 
Date Colle:ted • 

Gress Alpha • dissolved 
Gross Alpha • to:al 
Radium·226 • dissolved 
Radium·226 • total 
Redium-228 • dissolved 

Redium-228 • total 
Radon-222 • total 
Uranium • dissolved 

(mg/L) 
Uranium • total 

(mg/L) 

40308-1:2 

8734•40308•9•1 
TW·30·C:C:R 
10/18/91 

12 :l 8 • 
,, :t 8 * 

0.0 : 0.2 • t.L 
0.1 :t 0.2 .. vt 
0.2 : 0.5 • '-'L 

·0.2 :t 0.5 • ~ 
55 : HI • 

<0.002 

<0.002 

8734·40308·9·5 
TW·26·RFK·D 
10/20/91 

12 : 7 • 

0.5 : 0.3 • t.L 

0.1: 0.7 •u.. 
92 : 20 • 

<0.002 

8734·40308·9·2 
EB·01·CCR 
10/18/91 

, : , * 

0.0 : 0.2 * l.l\ 

0.0 :t 0.5 • L.L 

13 t 17 * 

0.005 

8734·40308·9·6 
TW·15·RFK 
10/20/91 

7 :t 3. 

i.L 

a.o: o.2 ·u 

o.4: o.7 •u 
520 :l 30 * 

<0.002 

8734·40308·9·3 
TW·26·RFK 
10/20/91 

6 :t 6. 

0.4 : 0.2 * 

·0.1 :t 0.6 •LA_ 

94 t 20 • 

<0.002 

8734·40308-9-7 
HOOPER 
10!20/91 

B t 7 * 

o.o t 0.3 • lA 

a. 1 : o.s •U-
43 :t 19 * 

<0.002 

8734·40308·9·4 
TW·13·RFK 
10/20/91 

B t 4 • 

D. 1 : 0.2 * t...( 

0.6 t 0.7 -~ 
380 t 30 • 

<0.002 

8734·40308-9-8 
TW·44·RFK 
10!20/91 

6 t 6. 
79 t 20 • 

o.o t 0.2 * (..(_ 
0.4 t 0.2 * "­

·0.1 :t 0.7. ~ 

0.1 t 0.5 * "-
77 t 24 * 

<0.002 

<0.002 

• 



Accu-Labs Research, Inc . 

• 
A H A L Y S I S R E P 0 R T 

DATE: 01/16/92 PAGE 2 
Lab Job Number 8734-40308-9 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Cotteeted • 

Determinations in pCi/L unless noted 

Gress Alpha • total 
Radium·226 • total 
Radium·22S • total 
Radcn·222 • total 
Uranium • total 

Cmg/L) 

8734·40308·9·9 
FB·04•RFIC 
10/20/91 

1 ~ , • 

0.0 ~ 0.3 • {A 
·0.2 ! 0.5 • u... 

28 t 22 • 

<0.002 

• Variability of the radioactive disintegration proeess Ceounting error) at the 95% eonfidenee level, 1.96a • 

• By =-=--=~B~J.t~~-1;::::,_~_---~---...z __ 
Bud ·--summers 
Radiochemistry Supervisor 

BS/ep __ ,· . 

• 



.-
RADIOCHEMICAL DATA ASSESSMENT SUMMARY ~ 

PROJECT NO. 913 -// ~/, ;2..!/ SITE !,;?trn~ • 

LABoRAToRY A 1-1<. sAMPLES/MATRix · wta.i.­
&H;FW·2) Pw-5, pw-~,. 

SDG I 40 ,2., (.?£ rR·'-1; 6!.1~) M()v(M(M IS,. 

1. HOLDING TIMES 

2. CALIBRATIONS 

3. BLANKS 

4. LCS 

5. DUPLICATE ANALYSIS 

6. MATRIX SPIKE 

7. SAM?LE VERIFICATION 

8. OTHER QC 

9. OVERALL ASSESSMENT 

· f!rthov~ttn1 L1 ~~ bJ,~ {r..A.J- 2-

DATA ASSESSMENT SUMMARY f'S-crz .. 

ALPHA 
SCINT. 

~ 

0 

D . 

L.B. 
SCINT. 

0 

0 

0 

~~--=0::;_ 
0 

0 0 

FLUOR. 

7 0 

c 

0 • Data had no problems/or qualified due to minor problems. 
M =Data qualified due to major problems. 
Z • Data unacceptable. 
X • Problems, but do not affect data. 

NOTES: ----------------------

• 

Date: Z /'f-/q -z.....-­

Date: ?-/2 ,-Ag 

• 

• 



• 

• 

• 

SDG # 4CJ-~) Project No. CJ I 3 - /! 0 I, .2// 

Acceptable 
YES NO 

l. Holding Times ---------------------------------- ~ 
Aolc£/)r( 7v?L a ~~t c:eue{?/e~J 

/la·U/ o?J~= de<-£ II$" Co C dJ:.e_ ~_tJ 
tu c Hu;, ;{ MIJ . ~ /U('.t. 5" 12/~ s.ecv~ / 

I 

3. Blanks ----------------------------------------- :z': 
u:,,~~~ fl::·sif: tv·,~j _w~ _L~$ 

f/t(A_ _ _ +~:.. ___ _j"~,k f,t'{zt,..(_ --~~ ~~ 

4. Laboratory Control Standard -------------------- z( 
tu!A, ~7,., tZ ~vrlh ,.·/! (,,.;,.,;,,1= 

5. D~plicate Analysis ----------------------------- ~ 
C:..r t g t ,.1.1 

6. Matrix Spike Analysis -------------------------- ~ --
(;:; 

7. Sa~ple Results Verification -------------------- ~ 

\)C..."' I. {' <..J JZt S 'I /-/-~ '<. 9 c ; .., S + C?('-.J P c, Jea 



SDG # ...,/ __ 4..;......;;.0...:;2.;.......;;;...&_r:_-__;,_/_( __ Proj ect No. C/13-/10 I· J./{ 

Acceptable 
YES NO 

S. Other QC --------------------------------------- ____ ____ 

9. Field Duplicates ------------------------------- ____ ____ 
/J 

10. Overall Assessment ----------------------------- t:-
- TZc o u o Dr 1 -(9 12. 1'1-~ I ~ £.e-g £z ~-lcr 

iZe a.u ,..r;~1 I rre.t t,( ;'r fia- ?yzt. c-..L 
0-,·za ly· (,. s 

• 

• 

• 



~----
Research, Inc. 

Mountain Drive Golden. Colorado 80403·1650 
.3) 277·9514 FAX (303) 277·9512 

A N A L Y S :I S 
DATE: 12/09/91 

R E P 0 R T 
PAGE 1 

DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40265-11 
Date Samples Received: 10/18/91 
Customer PO Number: (none) 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 8734·40265·11·1 8734·40265·11·2 8734·40265·11·3 8734·40265·11·4 
Sponsor Designation • P\1·1-RFI:: P\1·2-RFII: PIJ·3·Rfll: PIJ·4·RFII: 
Conments • 2·20 HL VIALS BROKEN 
Date Collected· 10£16£91 10£16/91 10/15£91 10£16£91 

Determinations in pCi/L unless notJd 
s-r~-V~~ - 3..£> -2 t 6 • (...{ Ot6*LA Ot6•'-i (..) Cross Alpha • total 1 t 6 • 

Radium-226 • total /. 9 -0.2 t 0.6 .(.,;1 ·0.4 t 0.6 • LA ·0.4 10.5 • ....., -0.5 t 0.6 • t.:C 
Radium-228 • total C:-3 0.0 t 0.4 • CA ·0.3 : 0.6 • u ·0.1t0.6* u ·0.3 t 0.5 • u 
Radon·222 • total /S·/ 340 t 30 ·f 340 l 30 • ..::T 260 l 30 • ;::;-
Uranium • total 

• (mg/L) - - <0.002 0.002 <0.002 0.002 -
ALR Designation • 8734·40265·11·5 8734·40265·11·6 8734·40265·11·7 8734·40265•11·8 

., 

Sponsor Designation • FB·4·RFI:: CALF SPRING HORHON B HORHON C 
Corrments • SUBSTITUTED FB·1·RFI:: 
Date Collected· 10/16£91 10/16/91 10/16/91 10£16/91 

Gross Alpha • total 0 l 1 • ~ ·1 l 6 • u 1 l 8. u Ot7•L-i 
Radium·226 • total ·0.3 t 0.6 • LA ·0.1 l 0.6. (...f ·0.4 t 0.6 • L1. ·0.5 t 0.6 • L{ 

Radium·22S • total 0.2 t 0.5 • ~ -0.2 t 0.5 • LA ·0.3 l 0.5 •L-t ·0.1 t 0.4 • u 
Radon-222 • total 34 t 23 • ..:;r- 240 t 30 • .:::r 330 t 30 • ::;- 250 t 30 • v 
Uranium • total 

(mg/L) <0.002 0.004 <0.002 <0.002 

• 
40265-12 

--------- --------------------------------------------------



Accu-Labs Research, Inc . 

A N A L Y S I S R E P 0 R T 
DATE: 12/09/91 PAGE 2 

Lab Job Number 8734-40265-11 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Comnents • 
Date Collected· 

Determinations in pCiiL unless noted 

Gross Alpha • total 
Radi~226 • total 
Radium·228 • total 
Radon·222 • total 
Uranium • total 

(mg/L) 

8734·40265·11·9 
HOMESTEAD 

10(17(91 

6 i 8 • 

·0.4 .t 0.6 ·/) 
0.0 i 0.5 • (.A 

140 i 20 • .::f 

<0.002 

8734·40265·11·10 
T\oi·2·RFIC 

10(17(91 

1t6•LA 
·0.5 i 0.7 •t,.f 
0.0 t 0.5 •1..( 

160 t 20 • ::r 
<0.002 

8734·40265·11·11 
FB·02·RFIC 

10(17191 

O.t1•LA 
-o.s t o.s • u 
-0.4 .t 0.4 • c..A 
·12 .t 19 • u 

<0.002 

• Variability of the radioactive disintegration process (counting error) at the 95X confidence level, 1.96a • 

By: .m~~t~~--d 
---~B'-u~a~s~u~mm==~e~r~s~------------~====~----------

Radiochemistry Supervisor 

BS/ep '"' -v J··\' 

40265-12 

• 

• 

• 



- ;.-.j,i· 

:;f -. 
! !!"" 

r: . RADIOCHEMICAL DATA ASSESSMENT SUMMARY J 
PROJEcT No. qt?-11 0 I , '] II SITE /11{[Y{5tht to 
LABORATORY a L!? I I SAMPLES/MATRIX lu~ 

!!k~<?~,_ ~ 5aa!£tB-"/J r r / T 7 

SDG # _tfL-::.D~3~Cj....;.,.._Z_-q ____ @d) 5~ 4 k.4 ·1£ 
kdj~ ifm~ ~c~. TUJ-.?t:? 

DATA ASSESSMENT SUMMARY 

ALPHA LB. ~ FLUOR. 
SCINT . SCINT. . 

l. HOLDING TIMES D. 0 0 

z. CALIBRATIONS 0 (') Q 
3. BLANKS 0 0 0 

4. LCS 0 0 0 
5. DUPLICATE ANALYSIS 0 () Q 

6. M~TRIX S?IKE Nf..e. N/A ~ I 

• 7. SA!·\?LE VERIFICATION 0 0 0 

s. OTHER QC N(~+ Nfo., rJ(o... 
I 

9. OVERALL ASSESSMENT 0 Q 0 

0 = Data had no problems/or qualified due to minor problems. 
M • Data qualified due to major problems. · 
Z = Data unacceptable. 
X • Problems, but do not affect data. 

NOTES: 
.dfd->k~(. -!~32-tt....,.._, -fb_,-~----.,....· -'3-/t}_}_q?;--

{ I 

• 



... 
SDG II __ Cf-_tJ~3..:..Cf~L~ ______ Project No • 

• 
. I 

2 Calibrations ----------------------------------- ~ . ~ J'< 
\ J.u-, h tf I ) ~c,9 te L (., 5 a A- /-rv-t- \I ~ L VoL 

fY.\·fk.-..., { t ~; f J' ~ .. ltuJJ,'o/-t.5 J /3/~)c.y 
, u: r,·e:-/) Ly rU In (_( ~ ;[c .. 
3. Blanks ------···-··-··-·-·------··-···---------· ~ 
Q ctcJ c£, £2.-u: c.Jb W I fi.. l l c, k .e. (.o 5' 

fJ1JK1 S:?<: flu J3 (c~ k:. \1 Q { u. E.. Lu l ~h 
'\u '' G uct It f, ~ 1<-

4. laboratory Control Standard --------·----------- ? • 
cJL L C5 ~.er&a a C /m;,lr aJ ~6-tz.o?l!' 

&cdl ll/,t;d4t ~~~"Z~ -:. ?>4 fbwJ} !2t:t 22-C, 

z-s-~~~~ -- fCJ~,ct 

5. Duplicate Analysis -·---------·--------------·-- J:: 
I 

6. Matrix Spike Analysis -------------------------· --
N(A 

• 

7. Sa~ple Results Verification ····--·--·····-···-· )( 

\Jv, tL'.e'.J Na I i2..AJ..\$.u~· kk t;,r~"Z...o R- • 



- ., 
soG 11 __ 4~0 ........ 3~A!-1!.6~-9_.:...,_ ___ Project No. 913-l!o/.2-1( 

•• Acceptable 
YES NO 

8. Other QC --------------------------------------- ____ ____ 

9. Field Duplicates ------------------------------- ____ ____ 

10. Overall Assessment ----------------------------- -1. 

Q tACt. {{ {' '"' fo &. na 11 s :£oa_ b /te.lc 

• 

• 



~----
-'\ccu-Labs Research, Inc. 

_,3 Table Mountain urive Golden. Colorado 80403·1650 
(303) 277·9514 FAX (303) 277-9512 

A N A L Y S :I S 
DATE: 01/06/92 

REPORT 
PAGE 1 

' '·. • 
DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40392-9 
Date Samples Received: 10/26/91 
customer PO Number: PROJECT #913-1101 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation - 8734-40392-9-1 
Sponsor Designation - BOY SCOUT 
Date Collected- 10/24/91 

Determinations in pCi/L unless noted 
S';K$-~..e'~ 

Gross Alpha - total -· - - 3 t 3 • 
Radium-226 - total o·?- 0.2 : 0.2 • CA 
Radium·22B - total o--1 0.2 t 0.6 • L( 
Rad~n-222 - total ,:;?. 2- 32 t 16. ~ 
Uranh .. "ll - tota! 

(mg/L) - - - <0.002 

ALR Designation - 8734-40392-9-5 
Sponsor Designation - LEDGER A 

Date Collected- 10!24/91 

Cross Alpha • total 1 t 4 * 
Radium-226 - total 0.2 t 0.2 * u 
Radium·22B • total ·0.2 : 0.1 • LA 
Radon·222 - total no 1 40 • ::r 
Uranium - total 

(mg/L) 0.002 

40392-12 

8734-40392-9-2 
SPRING BOX 
10/24!21 

1 t 3 • 
0.1 t 0.3 • V1 

-0.2 t 0.6 • lJ 
160 t 30 • ~ 

<0.002 

8734-40392-9·6 
LEDGER 8 

10!24!91 

1 1 3 • 

0.0 1 0.2 • <.A 
0.7 1 0.7 • 
610 :t 40 .. :::r 

<0.002 

8734-40392-9-3 
FINCH 
10/24!91 

3 1 5 • 
0.1 : 0.2. 

-0.3 t 0.6 • 
360 ! 40 • 

<0.002 

8734-40392·9·7 
FORMATION B 
10/24!91 

6 : 5 • 
2.4 1 0.4 • 
0.7 1 0.8 • 

u 
lA 
:r 

110 1 30 • ::;-

0.0~ 

8734-40392-9-4 
FORMATION A 
10/24/91 

0 1 4 • 
3.4 : 0.4 • 
0.7:0.7• 

2200 :t 100 • :r 
<0.002 

• 8734·40392·9·8 
EB·03·CCR 
10/24!91 

1 1 1 • 

0., t 0.2 * t.l 
o.3 : o.6 • LA 

10 1 <!6 • -:::r 

<0.002 

• 



Accu-Labs Research, Inc . 

• 
A N A L Y S I S R E P 0 R T 

DATE: 01/06/92 PAGE 2 
Lab Job Number 8734-40392-9 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designotion • 
Date Collected· 

Determinations in pCi/L unless noted 

Gross Alpha • dissolved 
Gross Alpha • total 
Radium·226 • dissolved 
Radium-226 • total 
Radium·Z28 • dissolved 

Radium·228 • total 
Radon-222 • total 
Uranium • dissolved 

(rng/L) 
Uranium • total 

• (rng/L) 

8734·40392·9·9 
T1.1·38·CCR 
10(24(91 

·1 2: 5 • 
5 2: 7. 

0.1 2: 0.2 • u. 
1.0 2: 0.3 .u.:;-
0.5 2: 0.6 • 

3.4 2: 2.1. 
130 t 30 • ::r 

<0.002 

<0.002 

• Variability of the radioactive disintegration process (counting error) at the 95~ confidence level, 1.96a. 

~ ... (·\ 

\ \""' . \. "). 
By: (~ v'""" :---l.J ~-~~.:..=;., 

--~~~~----------------~ Bud Summers 
Radiochemistry Supervisor 

BS/dh 6J-' 

• 
40392-12 



PROJECT NO. 

RADIOCHEMICAL DATA ASSESSMENT SUMMARY~ 

q /2 ;'// ()/ ,.;2/1 SITE {htrn5«tt~ . 

LASOR.!.TORY d ( /( SAMPLES/MATRIX . -W~~ 
zw .. s=o . tlr:zM ~ . ~J: 

7 7 --;, 

SDG # _IJ..;._;;;,.6)~7"'----7_-..-·~-----/W-'I~ ,r~L::J 

DATA ASSESSMENT SUMMARY 

ALPHA LB. GAM 
SCINT. SCINT. SPE . 

l. HOLDING TIMES 0 (:2 

2. CAL15i\~TIONS 0 D 

3. B~A~~~~S 0 0 

4. LCS 0 D. 
5. DUFLIC.!.TE AN.!.LYSIS 0 0 

6. ~.:.TR!X SPlKE N(,.J, P(ft 
. 7. s.:.~~LE VERIFICATION 0 D 

e. c-··- ... Q"' . • r::. ~ '- N{A ;J(1 

9. OVE~;~L ASSESS~ENT D 0 
0 = Ca~a ha~ no prob1e~s;or qualified due to minor problems. 
M • Data qualified due to major problems. 
Z • Data unacce?tab1e. 
X • Pro~le~s. but do not affect data. 

N:iES: 

FlUOR. 

0 

c 
0 

0 

0 

N/.;9 
0 

~/A 
I 

0 

n , ---------------------------------------------
(\ ucfr,f.NI 1-~ n t.V.~< IZ: c~~fcu,k.../</ d4:t: .£ er~ 
(}--?. £::; >! c~ h '"<· Ia, fc_ 

I 

-y.-/C ft ( C<eJ" C br5 r 11&4" "....Jc. t"'c..g /,?,,cl-ef 

· R~~ ~ !1 ,~L, .St1 fb 
-· ,4/ f .5"eo..:. au t:, r., I w.v-~ h, -'1 f c~ Sex f 4 

• 

• 

)'a. .. ,;J{, ,-lfL ?lrerr1;,, IVtt[ v"-c..fl"~ .f.o l~c .... f-r.. b 
(-/c; s o... (at."'"'" VCL ( c.&G-- • 

Validated by: ~~~~~~----~=------'Date: 

Revi ewe~ by: _:::.;~~....;....;; .......... ~~"'-~c;...:....=...---·Oate: 



SOG t1 _ __;4...;:;.6...;.::3;......7_7:.--____ Projec:t No. ft 3-//0/.2// 

• Acceptable 
YES NO 

l--

1. Holding Times ---------------------------------- ____ ____ 

ho 1LfJ z;.,, a=t;~U =fre 

• 4. La::ra~ory Control Standard -------------------- ~ 

/i£11 (C S t..'~'/f/_,, OC /;.,.; .. £. ~1 Pa-/zo?o 
/ v 

e:.~·~"(_ . .r Ala/"L. ~"·<? 3/2 2 J roc -- ~ 7 

5. D~~lic:ate Analysis ----------------------------- r 
Q...u::-c_,2l a b 6 f?ccfcL tf/ a 

I c:F Q !J 'l (., ~ ,_;_J 

,. 
6. Matrix Spike Analysis ---·---------------------- --

• 

• 7. Sa~~1e Results Verification -------------------- ~ 

\) U' (, ~- 1) tze. S 1.\ t ·h> =f rC£t, \2-c.~.A .. '-' Y ("'\ :bh <= 



SDG t1 4 O:J/"l -S: Prcjec:t No. q 13 -(/J?(' z~ I 
Ac:c:eptable 

YES NO 

S. Other QC -----------------------------·--------- ____ ____ 

9. Field Duplicates ·-----·------------------------ ____ ____ 

10. Overall Assessment ----------------------------- i 
Q L'-t! [, f f Fe (?.M ( 

1
5 ..p HZ- {l, (p... .b 

• 

• 

• 



~----
Accu-Labs Research, Inc . 

• 

Table Mounlain Drive 
277-9514 

Golden. Colorado 80403·1650 
FAX (303) 277·9512 

A N A L Y S :I S 
DATE: 12/19/91 

REPOR'l' 
PAGE 1 

DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40377-5 
Date Samples Received: 10/25/91 
customer PO Number: PROJECT # 913-1101 

These samples to be disposed of 30 days after the date of this report. 

DeterminatIons 

Cross Alpha • total 
Radlum-226 • total 
Radium-228 • total 
Radon·222 • total 
Uranium • total 

(mg/L) 

• 
Cross Alpha • total 
Radium·226 • total 
Radium·228 • total 
Radon-222 • total 
uranium • total 

(mg/L) 

ALR Designation -
Sponsor Designation • 
Date Collected • 
in pCi/L unless noted 

ALR Designation • 
Sponsor Designation • 
Date Collected-

8734-40377-5·1 
TW·SO·RFIC: 
10/Zl/91 

·4 t 13 • 
0.3 t o.z * lA 
0.4 t 0.6 • u. 
200 t 30 * 

<0.002 

·7 t 8 • 
0.2 t 0.2 • u 

·0.1 t 0.6 • LA 
93 t 26 * 

<0.002 

8734·40377·5·2 
HARRIS 
10/Zl/91 

·3 t 5 • 
·0.1 t 0.4. 
·0.2 t 0.6 • 
260 t 30 • 

0.005 

8734·40377·5·3 8734·40377·5·4 
LEWIS T\1·16·RFIC 
10/23/91 10!23/91 

0 t 9 • ·1 t 8 * 
u o.o t O.Z *LA o.o t 0.2 • u 
t-A 0.0 t 0.7 • lA 0.2 t 0.6 • t...i 

220 t 30 • 120 % 30 * 

0.009 0.010 

• Variability of the radioactive disintegration process (counting error) at the 95: confidence level, 1.96a. 

By: c~~~~l------:> 
---~B~u-d~s=-u_mm __ e_r~s------------=~~---------

Radiochemistry Supervisor 

BS/ep ,.., 
,~ r .Y 

• 403i7-12 



--------------------~--

PROJECT NO. 

LABORATORY 

RADIOCHEMICAl DATA ASSESSMENT SUMMARY :' 

9 l s- f I 0 t r 2 ( I SITE {1/Lm-v::--An· '!JJ 
(1 {/Z.. SAMPLES/MATRIX 'IA)C~ 

tfB-~,2J iW-~;J.; 'TW .. ~31 
SDG # __ Lf-:...-..D.-3"'-->~A__.._-~1 D~--2~-tJJ, 51&4114~"&~ 7W~A 

7tv=tf; 7"''~sw ... yr 
DATA ASSESSMENT SUMMARY 

ALPHA L.B. GA~MA FLUOR. 
SCINT. SCINT. SPEC. 

l. HOLDING TIMES 0 0 \ 0 

2. CALIBRATIONS 0 c 1f~ 0 

3. S~AW~S Ci 0 0 

4. LCS 6 0 6 

5. DjPLICATE ANALYSIS 0 0 0 

6. ~;..rr.a SPIKE ,~v 1% ,.{,~ A 

7. SA~?LE VERIFICATION c., 0 0 

e. c- .. -.. o,.. ,r,:K \oo N/t' r!(lt ttl4 
9. OVE~~~L ASSESSMENT 0 c 0 

\ 
0 • Ca~a had no problems/or qualified due to minor problems. 
M • Data qualified due to major problems. 
Z • Data unacceptable. 
X • Prc~le~s, but do not affect data. 

NCiES: --------------------------------------------b.qk 
'J 

Date: ~/fL--' 
Date: zUI'~~ 

• 

• 

• 



soG ' __ qt-·o:::::....::.S~S"::;..._4_-_r.....;o~ __ Project No . o; ( 3 -((0! .. :2_/f 

• Acceptable 
YES NO 

( }},&C( 

l. Holding Times ---------------------------------- ---~----
{iCG:&f?fe<-bfc, fH~Serv,drv<-

~ 
3. B1 anks ··----------.----------------------------- __ 

~u;(;7 _ (4:h{- £i>n/tt(v~~: -~~' 

• 4. lat.:ratory Control Standard -------------------- ./. 

• 

1/c.rr -f7e·r) ~c; t2 t-.v:d. ,.;, ac rt':lA ~ u 
12? C.tf _f' /e C S: l/ il (u.L .J'~~r ,A/,£?kz ":? ; J6. ~ "'roo~ jj /. 7 
. a-~6. tfcr~-afe£~ 

(~r2-0 V 
') 

Jc....r 
» 

6. Matrix Spike Analysis -------------------------- ____ ____ 

N/ /-1 

7. Sa~~1e Results Verification-------------------- --
)/vr,·£ •t:O 4;.-1 -rrn. n>c...Y"":e/,;..._.., 



SOG 11 __ qo.;_.__').......:)i=---q--_I_O ____ Project No. 9/ ~·-II 0 1- Z-11 

Acceptable 
YES NO 

B. Other QC ---·--·-------------------------------­ ---

9. Field Duplicates ------------------------------· __ _ 

10. Overall Assessment ----------------------------- ~ 

-C. .. .-f?_.t-t-1 ( 's -fc-g_ 

• 

• 

• 



~----
Accu-Labs Research, Inc . 

• 

:Table Mountain Drive 
277-9514 

Gold .. n. Colorado 80403·1650 
FAX (303)277-9512 

A N A L Y S I S 
DATE: 12/23/91 

R E P 0 R T 
PAGE 1 

DEBBIE GRIMM 
CHEN-NORTHERN, INC. 
P.O. BOX 30615 
BILLINGS, MT 59107 

Lab Job Number: 8734-40354-10 
Date Samples Received: 10/24/91 
customer PO Number: PROJECT #913-1101 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation • 
Date Collected • 

Determinations in pCi/L unless noted 
d .... ~s.;~PK. 

Gross Alpha • dissolved t~;J.. 
Gross Alpha • total 
Radium·226 • dissolved 
Radium·226 • total 
Radium·228 • dissolved 

Radium·228 • total 

•

·222 • total 
um • dissolved 
(mg/L) 

Uranium • total 
(mg(l) 

ALR Designation • 
Sponsor Desi;nation • 
Date Coil ee~eo • 

Gross Alpha • dissolved 
Gross Alpha • total 
Radium-226 • dissolved 
Radium·226 • total 
Radium·228 • dissolved 

Radium-228 • total 
Radon·222 • total 
Uranium • dissolved 

(mg/L) 

Uranium • total 
(mg/L) 

• 

87.54·40354·10·1 87.54·40354·10·2 8734·40354·10·3 
EB·02·RFK T~·22·RFK TU·23·RFK 
10/21/91 10/22/91 10/22/91 

·1 % 9 • 

0 : 1 • u 5 : 11 • ·6 :t 10 • 
0.3 : 0.3 * lA 

o.1: o.3. u o.6 = o.4. o.3: o.4 ·u 

0.4 :t 0.8 • 
51 t 24 • 

<0.002 

87.54·40354 ·10·5 
SOUTHUEST 
10/22/91 

·2 : 9 • 

0.0 : 0.4 • Vt 

0.4 : 0.6 • 
160 : 30 • 

<0.002 

0.6 % 0.5 • 

0.4 : 0.5 • 
51 % 24 • 

0.008 

<0.002 

87.54·40354·10·6 
MORMON 

10/22/91 

·5 : 7 • 

0.0 : 0.4 • c.A 

0.6 : 0.5 • 
130 t 30 • 

'• .. -

<0.002 

·0.2 : 0.6 • £,4 
63 : 25 • 

<0.002 

87.54·40354·10·7 
T~·33·RFK 

10/22!91 

3 : 7 • 

5 : 7 • 

0.0 : 0.3 • {..{ 
0.2 : 0.4 • !.A 
0.2 t 0.7 • lA. 

0.5 t 0.6 • 
570 t 40 • 

<0.002 

0.002 

87.54·40354·10·4 
FB·05•RFK 
10!22/91 

·1 : 1 • u 

o.o : 0.3 •V\ 

0.4 : 0.7 • 
52 : 25 • 

<0.002 

87.54·40354·10·8 
T~·48·RFK 

10/23/91 

2 : 6 * 

0.1 : 0.4 • u 

0.6 : 0.5 • 
270 : 30 * 

<0.002 



Accu-Labs Research, Inc . 

A N A L Y S I S R E P 0 R T 
DATE: 12/23/91 PAGE 2 

Lab Job Number 8734-40354-10 

These samples to be disposed of 30 days after the date of this report. 

ALR Designation • 
Sponsor Designation -
Date Colt eeted -

Determinations in pCi/L unless noted 

Cross Alpha • total 
Radium·226 • total 
Radium-228 - total 
Radon·222 • total 
Uranium • total 

(mg/L) 

8734·40354·10·9 
TU·49·RFK 
10/23/91 

·1 t 6. u 
o.o ! 0.3 • (.,\ 

-0.2 t 0.5 ·£A 
270 t 30 • 

0.010 

8734·40354·10·10 
SU·49·RFK 
10/23/91 

-5 t 5 • 
-0.3 t 0.4 • u 
0.4 t 0.6 • 
210 ! 30 • 

<0.002 

• Variability of the radioactive disintegration process (countin; error) at the 95% confidence level, 1.96c • 

Radiochemistry Supervisor 

BS/ep 

~ 

40354-12 

• 

• 

• 



•• 

• 

• 

APPENDIXS 

ATIACHMENT 3 

INORGANIC DATA ASSESSMENT SUMMARY 
SEDIMENT, SOIL AND SOURCE SAMPLES 



Project No. 91 f-//c/'1- 2/ ( 

Acceptable 
YES NO 

1. Holding Times ---------------------------------- ~ 

£// i"A'.,t~S" tfun-4z."£ w.-'.,LhW d&!' -6-~f'.f 
ckr &tf"kb- dB-/ t#C -/e4t'~ ~?'):12' r £~ 

2. Calibrations----------------------------------- ~·--
cl/1 .-rc:v.Kcvs 4~4Jt?4~/-e ??'2'?: 7.e,..c A c-c-v 
/~ h.Ct?J tfr,.Z2Y~ ~k ~4YueM~..zex 
y_;r) ,' A---'t?<'~ S-r:,.k~~ V'.[~. P" 7 c::!f79..r:-

/7/ J -

3. Blanks ----------------------------------------- ~ 
H«k~«,/-f R«.12/z~~ /?~~ka &a?, .. d/ ¥ ~ ../ 
rcr-/h- ~~/Mk:. 

4. ICP Interference Check Sample (ICS) ------------ ~ 

;C5 ""4.zJ...r ~er-- .4"?et2JY/ 
r~ Jv /6- /&c'/,z/e£k . 

5. Laboratory Control Sample (LCSj ---------------- ~ 
LC5 ~~" A:: dl a~r (?'? ~s ..£;G; di~C 
~(M=;.,rt;,£ .e.r ~A<ee ay.i>:oi/.e. ,at//c;~4,... 
~ai:. I 

6. Duplicate Sample Analysis ---------------------- ~ --
&llf 4"' -/ ~v- ~~ c; ,Zv, c tZkt ~y/? c 

7. Matrix Spike Sample Analysis------------------- ~ 

-jdrK( ,U aa/ rr?rS"-; 1 eu.hr;~t!:/A­
py/&()· cfs,, t'el /&PIA~ iZJ 4/A/ds; c?/.k 
& /1. £j Its-a /f.r ?uttf//"/~s J;;. ?f'~r ~dJr~. 
~// /7~ CZ' /' dr/~?fok?. 

• 

• 

• 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. Sample No. __ ...,12 .... 1...,2~05"-----

• Matrix (Soil/Water): _ _...,so .... il,__ ___ _ 
Level (Low/Med): --------

Sample ID: _ _..S ..... -lA....._ ___ _ 

Date Received: _ _..1...,0'"'/2=2:.r./"'"9~1----
Solids: 100 

Coaceatratioa Units (mg/1 or mg/kg dry weight): mg/kg 

CAS NO. ANALYIB CONCENTRATION c 0 M 

7429-90-S Aluminum 21.500 p 

7440-38-2 Azscnic: 5.4 ;r H 

7440-41-7 BcryiUum 3.5 p 

7~~9 Cadmium 83.4 p 

7440-47-3 Chromium 98.9 p 

7440-SD-8 Copper 40 p 

7439-8~ Iron 16.900 p 

7439-92-1 Lead 53 F 

7439-96-S Manganese 387 p 

7440-0:!..0 Sickel ss p 

74.W-09-7 Potas5ium 5.200 :T A 

• 1782-49-2 Selenium 1.4 :r /__ H 

7440-22-4 Silver B.S .:J / p 

7440-23-S Sodium 849 A 

7+;()...62-2 Vanadium 155 p 

744()..66.6 Zinc:· 1,740 p 

Fluoride 13.1 E 

Cation Eltchange Capacity 14.3 A 

Sitrate/Nitrite as !"l 4.4 ACR 

pH 7.0 E 

Cation Eltchangc Capacity is reponed in meq/100 gm • 

• 
13 



INORGA.'liC ANALYSIS DATA SHEET 

Lab Name: _..::.C~<Ah.l.l:e:.l.jn,;;;-N~o~r'-l.t h~e::.:.m.:J.a-. ,£,.!I n~c"'". __ _ Sample No. __ ..... 1 ... 21~o.::2.:.:.08~--- • Matrix (SoilfWater): __ so~i.:...l ___ _ Sample ID: _ _..s._-4..._A..__ ___ _ 

Level (Low/Med): ------- Date Received: _ .. 10~/..,2=2""'/9~1._ __ _ 
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): mg/kg 

CAS NO. ANALYm CX>NCJ!NI'RAnON c 0 M 

7429-90-S Aluminum 17.300 p 

74-W-38-2 Azscnic 6.9 ;; H 

7440-H-7 Beryllium 3.7 p 

7440-13-9 Cadmium 39.0 p 

7440-47-3 Chromium 111 p 

14-'0-50-8 Copper 30 p 

7-139-89~ Iron 2-1.100 p 

7-139-92-1 Lead 45 F 

7-139-96-S Manganese 1,380 p 

74-l0-()2-() Sickel ss p 

74-10-()9.7 Potassium s.soo :I A 

7782--19-2 Selenium 0.6 J / H • 74-10-12--1 Silver 4 ~ / p 

74-10-:3-S Sodium 1.050 A 

74-1~2-2 Vanadium 209 p 

74-10-66-0 Zinc 610 p 

Auoride 18.1 E 

Cation Exchange Capacity 26.2 A 

:'\ltrate/!'-itrite as N 4.2 ACR 

pH 7.4 E 

Cltion Exchange Capac:ity is reponed in meq/100 gm. 

• 
14 



INORGANIC ANALYSIS DATA SHEET 

• • Lab Name: _..:.C.:.~h.l.l=e:.~.~n~-N~ortu.:.:.h~:.~em:.Aio.. ""Inl:.lc...,. __ _ Sample No. __ _..12:.;1u.2"'"11!!._ __ _ 

Matrix (Soil/Water): -~Soi.Ui.L..I ___ _ Sample ID: _ _.,Sr.;.,· 7~A~----
Level (Low/Med): ------- Date Received: _,.~~,10~/...,2=2L./9'-'1.__ __ _ 
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): mg/kg 

CAS NO. ANALYIB CONCENTRAnON c 0 ·. M 

7429·90-S Aluminum 18.500 p 

74-W-38-2 Anenic: 4.1 T H 

7440-$1-7 Beryllium 1 p 

7440-$3-9 Cadmium 6.S p 

744~7-3 Chromium 27 p 

7440-S0-8 Copper 17 p 

743~ Iron 15.900 p 

7439-92-1 Lead 22 F 

7439-96-S Manganese S93 p 

7440-02~ Sic:kcl 14 p 

• 7440.00.7 Potassium 7,700 J A 

7782-19-2 Selenium 1.2 .J / H 

7440-22-t Sil .. ~r <3" 'If / p 

7440-23-S Sodium S06 A 

7440-62-2 Vanadium 29 p 

7~ Zinc: 140 p 

Fluoride 47.7 E 

Cation Exc:hange Capacity InsuCfic:ient sample A 

r-.itrate/Sitrite as N 21 ACR 

pH Insufficient sample E 

The silver will be reanalyzed by furnace to ac:hic:ve a lower detection limit. 

Cation Exchange Capacity is reponed in meq/100 gm • 

• 
15 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: -..l=C"'hL:e.!.!.n-;..l,N~o.:l.r.l.l.th:.lle"'-'m..., . ...,~I.u.n:=..c. __ _ 

Matrix (Soil/Water): __ so~o:..~i£..1 ---­

Level (Low/Med): -------
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): 

CAS NO. ANALYm ,··ooNCENTRATION 

7429-90-S Aluminum 21,900 

7440-38-2 Arsenic: 5.6 

7440-41-7 Beryllium 2 

7~3-9 Cadmium 13.0 

7440-47-3 Chromium 39 

7440-So-8 Copper 17 

7439-89-6 Iron 17.300 

7439-92-1 Lead 24 

7439-~S Manganese 411 

74-10-02-0 N'tc:kel 30 

7440-09-7 Potassium 4,600 

7782-l9-2 Selenium 1.0 

7440-22-l Silver 1.5 

7440-2>5 Sodium 424 

7440-62-2 Vanadium 63.3 

74-10-66-6 Zinc: 210 

Fluoride 33.1 

Cation Exchange Capacity 17.6 

Nitratc/~itrite as ~ 6.1 

pH 7.6 

C:ltion Exchange Capacity is reponed in meq/100 gm. 

16 

Sample No. __ ...~1 .... 21.!:.,;2~.~:1...,2 ___ _ 

Sample ID: _....~o~S~-8":1-A~----
Date Received: _...,~lo~o:P .... t2""2""'/""'9o~o.1 ___ _ 

mg/kg 

c 0 M 

p 

:r H 

p 

p 

p 

p 

p 

F 

p 

p 

::r A 

:r 7 H 

:r / p 

A 

p 

p 

E 

A 

ACR 

E 

• 

• 

• 



• 

• 

• 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (SoilfWater): -~So"'-~i:...1 ---­
Level (Low/Med): -------
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): 

CAS NO. ANALYm ·· CONCPNJ'RAnON 

7429-~5 Aluminum 22.500 

7440-38-2 Alsenic 6.6 

7440-$1-7 Beryllium 2 

7440-$>9 Cadmium 14 

7440-$7-3 Chromium 42 

7440-50-8 Copper 17 

7439-89-6 lrcn 17,700 

7439-92·1 Lead 2B 

7439-96-5 Manganese: 409 

7~~ Nickel 32 

7~7 Potassium 5,500 

7782-49-2 Selenium 0.8 

7.:.W.21-4 Silver 1 

7440-23-5 Sodium 399 

7~-2 Vanadium 67.4 

7.s.s()..66.6 Zinc 215 

Fluoride 33.1 

Cation Exchange Capacity 18.6 

Nitrate/Nitrite as N 5.1 

pH 1.5 

Cation Exchange Capacity is reponed in meq/100 gm • 

17 

Sample No. __ ,..1...,21...,2:.::1 .... 3 ___ _ 

Sample ID: _...~~S'""-8'"'A.:.;·~D:.l::lu:l',p ___ _ 
Date Received: _,.;~;,10:.l:o/u2=2"-/9'"'1~..-__ _ 

mg/kg 

c ... Q M 

p 

:r H 

p 

p 

p 

p 

p 

F 

p 

p 

;;- A 

~ // H - / ..J p 

A 

p 

p 

E 

A 

ACR 

E 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: Chen-Northern. Inc. 

Matrix (Soil/Water): -~so~i.~...l ---­
Level (Low/Med): -------
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): 

CAS NO. ·ANALYI'B CONCENTRATION 

7429-90-S Aluminum 21,900 

7440-38-2 Arsenic: 9.0 

7440-41-7 Beryllium 3.7 

7440-43-9 Cadmium 76.7 

7440-47-3 Chromium 150 

7440-50-8 Copper 37 

7439-89-6 Iron 17.600 

7439-92-1 Lead 3S 

7439-96-S Manganese 324 

7""0-m.() Nickel 60 

7.$4()..()9-7 Porassium s.soo 

7782-49-2 Selenium 0.8 

7440-22-4 Silver 6.0 

7440-23-S Sodium 2.270 

7440-62·2 Vanadium 331 

74-W-66-6 Zinc: 1,780 

Fluoride 42.2 

Carion Exchange Capacity 16.5 

ll:irnuef.'itrire as N 5.2 

pH 7.S 

Carion Exchange Capacity is reponed in meq/100 gm. 

18 

Sample No. __ .... 1..,2.to.:12,..1"'5 ___ _ 

Sample ID: _..,IOS~-l~O,l;,;IA,__ __ _ 
Date Received: _,.c;,10wlu:2=2"-/9'"'1.__ __ _ 

mg/kg 

c . . 0 M 

p 

r H 

p 

p 

p 

p 

p 

F 

p 

p 

:r A 

:T L H - / p -.J 

A 

p 

p 

E 

A 

ACR 

E 

• 

• 



• 

• 

• 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: -~C'"h'-=e""n"""-N..:.o~ru.t:.:;he:.amo.&AA-. ....,T n...,co::.. __ _ 

Matrix (Soil/Water): _ _...So.,.i._J ---­
Level (Low/Med): -------
Solids: 100 

Concentration Units (mg/1 or mgjkg dry weight): 

CAS NO. ANALYIE CXlNc::eNI'RA110N 

7429-90-S Aluminum 20,700 

7440-38-2 Anenic 2.6 

7440-41-7 Beryllium 2.5 

7440-43-9 Cadmium S4.S 

7440-47-3 Chromium 73.0 

1440-S0-8 Copper 20 

7439-89-6 Iron 14.300 

7439-92-1 Lead s• 

7439-96-S Manganese 327 

7440-{)2-0 N'JCkd JS 

7440-{)9-7 Potassium 5.200 

7782-49-2 Selenium 3.2 

7440-~-4 Silver 3 

7440-23-S Soclium 500 

744o.62-2 Vanadium 122 

7440-66-6 Zinc 780 

Fluoride 34.5 

Cation Exchange Capacity 20.0 

l'oitrate/l"iitrite as N 7.5 

pH 6.5 

Sample No. __ .£,12::.1:t.=2LA16~'-----

Sample ID: ~":'S":':'-1~1A'":':----­
Date Received: _...;:;1~0 ... 12::.:2::.~.1,.9~1----

mg/kg 

c 0 M 

p 

:r H 

p 

p 

p 

p 

p 

u p 

p 

p 

:r A 

.:r / H 

r / p 

A 

p 

p 

E 

A 

ACR 

E 

• This lead value anai)'ZCd on the ICP. The sample was inadvenantly missed during the lead furnace run. 

~tion Exchange Capacity is reponed in mcq/100 gm • 

19 



INORGANIC ANALYSIS DATA SHEET 

Lab Name: _ _.C""'h..,e..,n._-N'"'. ""o""rt ... h:.=e .... m..., ..... I ..... n ..... c._. __ _ 

Matrix (SoilfWater): __ sow..~i.~-1 ---­

Level (Low/Med): -------
Solids~ 100 

Concentration Units (mg/1 or mg/kg dry weight): 

CAS NO. ANALYm CX>NCENTRA'IlON 

7429-9(~5 Aluminum 23.800 

7440-38-2 Arsenic 9.2 

7440-41-7 Beryllium 2.5 

7440-43-9 Cadmium 49.2 

7+:0-47-3 Chromium 81.5 

7~50-8 Copper 2S 

7.l39-89-6 Iron 16.700 

7439-92-1 Lead 28 

7439-96-5 !\ianganese 430 

744()..{)2-0 !'r.ckel 38 

744()..{)9-7 Potassium 5.800 

7782-49-2 Selenium 1.2 

7440-22-4 Silver 3 

7440-23-S Sodium soo 

7+:0-62-2 Vanadium 126 

744()..66.6 Zinc 702 

Fluoride 40.5 

Cation Exchange Capaciry 16.8 

r-:itrate/Nitrite as N 14 

pH 6.7 

C3tion Exchange Capaciry is reponed in meq(lOO gm. 

20 

Sample No. __ ..... 1"::..1...,2:.~:..17.:.._ __ _ 

Sample ID: _ _,S,£;;·.:..12A~----
Date Received: _...,1.,.,0""/2,..2..,/.9.:..1 ___ _ 

mg/kg 

c 0 M 

p 

:r H 

p 

p 

p 

p 

p 

F 

p 

p 

~ A 

:1" L H 

7' ~ p 

A 

p 

p 

E 

A 

ACR 

E 

• 

• 



INORGANIC ANALYSIS DATA SHEET 

• Lab Name: Chen-Northern. Inc:. 

Matrix (Soil{Water): -~So~o~.~io~..l ---­
Level (Low/Med): -------
Solids: 100 

Concentration Units (mg/1 or mg/kg dry weight): 

CAS NO. ANALYIB CONCENI'RA110N ... 

7429-~S Aluminum 26.200 

7440-38-l Arsenic 34 

7440-41-7 Beryllium 3.7 

7440-43-9 Cadmium 153 

7440-47-3 Chromium 187 

7440-50-8 Copper 42 

7439-89-6 Iron 16.400 

7439-92-1 Lead 61 

7439-96-S Manganese 411 

7440-02..{) Nickel 60 

• ~7 Potassium 8,000 

7782-49-l Selenium 1.4 

7440-ll-4 Silver 8.0 

7440-23-S Sodium 1,370 

74-S~:!-l Vanadium 371 

744()..66.6 Zinc 2,460 

Fluoride 102.6 

Cation Exchange Capacity 15.7 

Nitratc~tritc as N 7.8 

pH 6.9 

Cation Exchange Capac:iry is reponed in mcq/100 gm • 

• 
21 

Sample No. __ .I;J.12~1...,214.ll8l...-__ _ 

Sample ID: -~S":"'·1~3~A.._ __ _ 
Date Received: _ _.1""0""'/2,..2"""/""2.1 ___ _ 

mg/kg 

c 0 •M· 

p 

:r H 

p 

p 

p 

p 

p 

F 

p 

I p 

:r A 

J _/ H 

:r / p 

A 

p 

p 

E 

A 

A CR. 

E 



INORGAl'liC ANALYSIS DATA SHEET 

Lab Name: -~C .... h~ew.n:..;.·N~.;, '~o.l.lrt"'-~h:Ae.l.lm::.a • ...~I:.~.~no=.c • .__ __ Sample No. __ ...... 1 .... "1.~;..~2:..:1.49 ___ _ • Matrix (SoilfWater): _--.~~~s.ll!:o~.~.it ____ _ Sample ID: _..,lols:,;J-1~.,;;:;4~A----
Level (Lowj.Med): ------- Date Received: _.1.~£.0'-'12==2"'-/9~1!...-___ _ 
Solids: 100 

Concentration Units (mg/1 or mgjkg dry weight): mg/kg 

CAS NO. ·.·.·ANALYI'B ·. · CONcrNI'RATION c ··'·''::''"·o· M 

7429-90-S Aluminum 15,400 p 

7440-38-2 A:scnic 22 :r H 

'7440-41-7 Beryllium 3.2 p 

7440-43-9 Cadmium 102 p 

7440-47-3 Chromium 141 p 

7440-S0-8 Copper lS p 

7439-89-0 Iron 10.200 p 

7439-92-1 Lead 38 F 

7439-9~5 Manganc:sc: 170 p 

7-S40-02-0 Nickel 50 p 

7~7 Potassium 5,100 ::r A 

7782-49-2 Selenium 2.0 :r /' H • 7440-22-4 Silver 6.0 :r / p 

7440-23-S Sodium 1,690 A 

7.£.:0-62-2 Vanadium 319 p 

7J.:0-66.6 Zinc: 1.S70 p 

Fluoride 60.4 E 

Cation Exchange Capacity 8.4 A 

Nitrate/Nitrite as N 7.8 ACR 

pH 7.3 E 

Co-Ition Exchange Clpacity is reponed in meq/100 gm. 

22 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































